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Bioelectric  impedance  is  not  affected  by  physiological  factors  such  as  diet,  time  of 
day,  exercise  or  the  menstrual  cycle.  However,  in  those  women  who  do  not *participate  in 
some  form  of  regular  exercise,  predictions  of  body  composition  from  Stature^/Resistance 
plus  anthropometry  do  differ  significantly  from  those  of  women  who  do  exercise  regularly. 
The  addition  of  bioeleetric  impedance  does  improve  the  predictions  of  body  composition 
from  anthropometry  alone  compared  to  corresponding  estimates  from  densitometry. 

The  use  of  the  RJL  model  BIA-101  biological  impedance  machine  to  measure  body  Compositibn 
is  recommended,  with  reservations,  but  the  measuremeht  of  subcutaneous  adipose  tissue 
with  the  EchOScali  1502  portable  ultrasound  machine  is  not  recommended. 


SUMMARY 


The  purpose  of  this  study  was  to  validate  estimates  of  body  composition 
(percent  body  fat,  total  body  fat,  and  fat-free  mass)  from  measures  of  bioelectric 
impedance  using  new  equipment  (RJL  Bioelectric  Impedance  Analyzer  Model  BIA-101) 
against  corresponding  estimates  from  measures  of  body  density  by  underwater 
weighing  in  177  young  men  and  women.  Measures  of  subcutaneous  adipose  tissue 
thickness  by  a  portable  ultrasound  machine  (EchoScan  1502)  were  compared  to 
corresponding  adipose  tissue  thicknesses  measured  with  a  Lange  skinfold  caliper  in 
the  same  sample.  The  study  sample  matched  the  ages  of  the  1966  and  1977  U.S.  Army 
studies  of  men  and  women  who  were  between  the  10th  and  90th  percentiles  for  age, 
and  efforts  were  made  to  obtain  a  14%  representation  of  blacks.  This  level  of 
black  representation  was  achieved  for  men  but  not  for  women. 

The  Model  BIA-101  impedance  machine  and  the  EchoScan  1502  ultrasound  machine 
are  relatively  new  scientific  instruments.  Therefore,  instrument  reliability  was 
established  as  measurement  repeatability  between  pairs  of  Model  BIA-101  impedance 
machines  and  between  a  pair  of  EchoScan  1502  ultrasound  machines.  Measures  of 
repeatability  were  determined  within  and  between  observers  in  a  small  sample  of 
men  and  women  (N  about  20).  In  addition,  influences  of  possible  "physiological 
noise  factors”  on  the  resistance  measures  were  determined.  This  part  of  the  study 
consisted  of  hourly  measures  of  resistance  from  9  am  to  5  pm  in  men  and  women 
(N=4)  and  daily  measures  of  resistance  for  35-day  periods  in  29  women,  eleven  of 
whom  were  taking  oral  contraceptives  and  eighteen  of  whom  were  not.  Also,  24-hour 
recalls  of  diet,  drugs,  physical  activity,  smoking,  and  drinking  and  a  menstrual 
history  were  collected  from  all  participants  as  appropriate. 

Findings  from  this  study  show  that  the  Bioelectric  Impedance  Analyzer  (BIA) 
is  a  very  reliable  instrument  (99-100%)  with  little  intra-  or  interobserver  error 
(98-100%  reliability).  The  Echoscan  1502  ultrasound  instrument,  however,  is  not 
very  reliable  (0-70%,  depending  on  the  site),  even  in  the  hands  of  trained  and 
experienced  technicians.  Validation  of  bioelectric  resistance  against  body 
density  (BD)  indicated  that  this  approach  has  considerable  potential.  Root  mean 
square  errors  (RMSE)  of  percent  body  fat  (%BF)  estimates  based  on  stature^/resis- 
tance  plus  simple  anthropometry  were  3.9%  in  women  and  4.0%  in  men.  This  result 
is  excellent  because  validation  of  any  technique  using  BD  involves  a  minimum  of 
2.5%  error  associated  with  estimates  of  %BF  from  BD. 
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Stvfdies  of  physiological  noise  factors  on  estimates  of  %BF  from  bioelectric 
impedance  indicated  that  the  effects  of  time  of  day,  time  since  last  meal  or 
drink,  menstrual  cycles  of  the  women,  and  use  of  oral  contraceptives  were 
negligible.  However,  underestimates  of  %BF,  relative  to  results  from  HD,  did 
occur  in  those  women  Vfho  did  not  habitually  engage  in  form  of  physical 

exercise.  Further  research  is  suggested  to  determine  the  nature  and  extent  of 
these  exercise  eff®<^tO- 

Gontrasts  of  the  data  for  block  and  white  subjects  indicated  that  separate 
regression  equations  need  to  be  derived  for  these  two  HtOups«  Further  research 
efforts  should  include  validation  of  equations  for  white  men  and  women*  derivation 
of  equations  for  black  men  and  women,  and  consideration  of  the  need  for  individual 
equations  for  other  racial/ethnic  groups  as  well. 

Validity  tests  of  the  Echoscan  1502  ultrasound  machine  indicated  that  the 
inclusion  of  ultrasonic  measurements  in  predictive  models  did  not  significantly 
improve  estimates  of  BD  over  those  availahle  from  skinfoids  and/or  stature-/ 
resistance.  Lack  of  significant  improyenient  in  hh*  l9¥  machine 

reliability,  and  high  observer  error  in  the  hards  Of  experienced  technidians  all 
indicated  that  the  Echoscan  1502  nltrasound  machine  not  he  reopiranended  over  the 
use  of  standard  skinfold  calipers.  Instead,  it  is  recommended  that  standard 
skinfold  calipers  be  employed  lo  all  studies  of  regional  body  fatness,  and  that 
further  research  be  undertaken  to  refine  the  use  of  bioelectric  resistance  in 
estimating  total  body  fatness.  Bioelectric  resistance  could  then  he  used 
routinely  in  large  scale  anthropometric  surveys  and  in  screening  individuals  with 
regard  to  body  composition  variables. 
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IDENTIFICATION  AND  VALIDATION  OF  NEW  ANTHROPOMETRIC 
TECHNIQUES  FOR  QUANTIFYING  BODY  COMPOSITION 

INTRODUCTION 

RELEVANCE  OF  BODY  COMPOSITION 

The  measurement  of  the  composition  of  the  human  body  in  terms  of  amounts  of 
bone,  muscle,  and  adipose  tissue  by  relatively  simple  and  easy  methods  is  of 
considerable  interest  to  civilian  health  professionals.  This  interest  is  due 
largely  to  the  fact  that  an  excess  of  adipose  tissue  places  a  person  at  increased 
risk  for  hypertension,  adult-onset  diabetes  mellitus  (non-insulin  dependent), 
hypercholesterolemia,  hypertriglyceridemia,  cardiovascular  disease,  gallstones, 
arthritis,  gout,  and  some  forms  of  cancer  (1,2).  Body  composition  is  related  also 
to  physical  performance  whether  performance  is  measured  in  relation  to  strength, 
endurance,  or  oxygen  consumption  (3,4).  Body  weight  alone  is  not  an  adequate 
measure  of  obesity  (5-7)  because  excess  body  weight  may  be  due  to  an  excess  of 
fat-free  mass  (FFM)  and  not  to  an  excess  of  total  body  fat  (TBF)  or  an  excess  of 
the  percentage  of  the  weight  of  the  body  that  is  fat  (percent  body  fat,  %BF) . 
Therefore,  if  risk  of  disease  or  the  impairment  of  physical  performance  is  to  be 
evaluated  in  relation  to  obesity,  it  is  necessary  to  fractionate  the  body  into  its 
gross  components. 

Body  composition  is  of  importance  to  the  Army  for  many  of  the  same  health 
reasons  it  is  of  interest  to  civilians.  Obese  military  personnel,  like  their 
civilian  counterparts,  are  at  increased  risk  for  hypertension,  diabetes,  cardio¬ 
vascular  disease,  etc.,  and  they  have  decreased  levels  of  physical  performance. 
Many  of  these  are  middle-aged  and  older  persons  whose  maturity,  experience,  and 
training  are  important  to  the  U.S.  Army.  It  is  necessary  to  identify  and  reduce 
the  prevalence  of  obesity  in  this  group,  but  more  important,  to  identify  and  treat 
younger  groups  at  risk  for  obesity,  thus  improving  their  overall  health,  level  of 
performance,  and  opportunity  for  continued  service  in  the  Army.  In  addition,  the 
Army  has  another  specific  interest  in  the  body  composition  of  its  personnel.  The 
Army  must  provide  a  wide  range  of  clothing  and  equipment  essential  to  fulfilling 
its  mission.  There  is  a  practical  limit  to  the  ranges  of  body  size  and  shapes  for 
which  clothing  can  be  made  available  or  equipment  designed  for  proper  operation. 
Obese  individuals  may  not  be  able  to  wear  standard  issued  clothing  or  may  have 
difficulty  operating  equipment.  The  ability  to  accurately  and  easily  quantify 


the  body  composition  of  such  obese  persons  would  allow  for  correction  (by  weight 
loss  or  physical  training)  to  be  implemented  at  local  command  levels. 

REVIEW  OF  STANDARD  METHODS 

Whole  Body  Measurements 

Body  composition  can  be  estimated  with  reasonable  accuracy  by  one  of  several 
"direct”  methods  such  as  densitometry,  total  body  potassium,  the  measurement  of 
total  body  water  (TBW)  or,  more  recently,  by  the  measurement  of  total  body 
electrical  conductivity  (8).  Direct  methods  of  estimating  body  composition 
quantify  a  single  tissue  or  body  component.  This  is  usually  TBF  or  FFM,  either  of 
which  can  be  subtracted  from  body  weight  to  yield  the  other.  There  are  also 
numerous  indirect  methods  of  estimating  %BF,  TBF,  and  FFM  from  combinations  of  age 
and  various  body  measurements  in  multiple  regression  equations  (9-16).  These 
methods  require  the  measurement  of  multiple  variables  according  to  carefully 
standardized  techniques . 

Direct  estimates  of  TBF  and  FFM  are  calculated  most  commonly  from  body  density 
obtained  from  underwater  weighing.  This  method  is  generally  regarded  as  the 
standard  against  which  the  validity  of  other  methods  is  judged  (13).  BD  is 
calculated  using  data  from  standardized  hydrostatic  weighing  under  water.  This 
method  uses  Archimedes'  principle  that  a  body  submerged  in  water  is  acted  on  by  a 
buoyancy  force.  This  results  in  a  loss  of  weight  by  the  submerged  body  equal  to 
the  weight  of  the  water  displaced  by  the  submerged  body.  Since  the  density  of 
water  is  Rnown,  the  volume  of  the  body  can  be  determined  from  the  weight  of  the 
displaced  fluid.  For  example,  a  materially  homogenous  object  with  a  weight  in  air 
of  3.0  kg  and  a  submerged  weight  in  water  of  1.0  kg  has  a  we^S^t  loss  of  2.0  kg. 

If  the  water  is  at  a  temperature  of  35®C,  then  its  density  is  0.994  kg/L,  and  the 
volume  of  the  water  displaced  is  2.0  kg/0.994  kg/L  or  2.012  L.  Thus,  the  density 
of  the  body  is  3.0  kg/2.012  L  or  1.491  kg/L. 

The  human  body  is  composed  of  a  mixture  of  components.  If  the  densities  of 
these  components  and  the  density  of  the  whole  body  are  known,  the  proportional 
masses  of  the  components  can  be  determined.  However,  in  determining  the  density  of 
the  human  body,  a  correction  must  be  made  for  air  trapped  in  the  lungs  while  the 
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person  is  submerged  at  maximum  expiration.  This  is  accomplished  by  measuring 
residual  lung  volume  (RV)  on  land  with  the  person  in  approximately  the  same  body 
position  as  when  submerged.  Residual  lung  volume  (RV)  is  measured  rather  than 
other  lung  volumes ,  e . g. ,  total  lung  capacity,  because  RV  is  a  more  reproducible 
procedure  (17)  and  is  more  similar  to  the  volume  of  respiratory  air  present  in  the 
lungs  when  a  person  is  being  weighed  underwater.  It  is  not  appropriate  to  use  RV 
estimated  from  anthropometric  data  (18,19). 

The  equation  for  calculating  body  density  is  as  follows: 


where 

BD 

W 

a 

W 
w 

D 

w 

RV 

The  value  of  BD  is  converted  to  %BF  using  the  formula  of  Siri  (20):  7®BF  = 
{(4.95/BD)  >-  4.50]  x  100.  The  Siri  equation  yields  results  that  are  almost 
identical  to  those  of  the  equation  of  Brozek  (21),  except  at  smaller  values  of  BD 
where  the  Siri  equation  produces  larger  estimates  of  %BF  (13).  It  is  known  that 
the  Siri  equation  leads  to  systematic  errors  when  applied  to  women  and  to  blacks 
(13,22),  but  at  present,  there  are  no  alternatives  except  an  equation  proposed 
recently  for  young  women  (%BF  =  (5.09/BD  -  4.65)  x  100)  by  Lohman  (23). 

The  total  error  of  measurement  for  a  single  estimate  of  BD  from  underwater 
weighing  is  composed  of  the  errors  involved  in  three  separate  measurements;  body 
weight  in  air,  body  weight  underwater,  and  residual  lung  volume.  Analyses  of  the 
errors  involved  in  determining  BD  using  basically  similar  techniques  give  values 
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ranging  from  0.0004  (optimal)  to  0.0043  density  units  (gm/cm  ).  The  smaller  value 
is  probably  too  low,  and  a  more  realistic  value  is  an  error  of  about  0.0023 
density  units  in  adults  and  children  (24-26).  Over  the  range  of  usual  adult 
densities,  the  inherent  percentage  error  in  the  underwater  weighing  technique  is 


W. 


BD  = 


W, 


W, 


w 


-  RV 


body  density, 

participant  weight  in  air, 
participant  weight  in  water, 

density  of  water  at  selected  water  temperature, 
residual  lung  volume. 
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approximately  0.2  to  0.3  percent.  Keys  and  Brozek  (27)  reported  a  coefficient  of 
reliability  (CR)  of  95%  for  underwater  weighings  taken  seven  days  apart.  Similar 
findings  have  been  reported  by  others  (28,29).  Mean  inter-observer  differences 
for  underwater  weights  in  The  Pels  Longitudinal  Study  conducted  at  the  Division  of 
Human  Biology,  Wright  State  University,  School  of  Medicine,  have  ranged  from  0.003 
to  0.10  kg  and  have  been  60  ml  for  residual  lung  volume  (30,31).  The  CR  for 
underwater  weighing  in  the  Pels  data  is  94.9%  (31),  and  the  observer  differences 
for  these  measures  have  been  near  the  middle  of  the  range  of  values  reported  in 
the  literature,  although  many  of  the  Pels  data  are  for  children  (16, 32”36). 

While  errors  in  the  determination  of  body  density  by  underwater  weighing  are 
small,  the  accuracy  of  estimating  %BF,  TBP,  or  PPM  by  this  method  is  unknown. 

Body  density  by  underwater  weighing  assumes  fixed  densities  for  fat  and  PPM  across 
age,  sex,  and  ethnic  groups,  despite  some  evidence  to  the  contrary  (15,22, 
35,37,38).  If  there  were  no  error  in  measuring  BD,  the  uncertainty  in  the 
estimates  of  %BF  from  BD  would  still  be  +2.5%  (13). 

Instead  of  estimating  PPM  from  BD  determined  in  underwater  weighing,  PPM  can 
40 

be  estimated  using  K  (39-41).  Approximately  987o  of  the  potassium  (K)  in  the 
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body  is  intra- cellular,  and  radioactive  K  comprises  0.0118%  of  the  total 

potassium  in  the  body  (42).  PPM  is  calculated  on  the  assumed  basis  that  the  K 

content  of  PPM  is  68.1  meq/gm  for  men  and  65.2  meq/gm  for  women  (43).  Although 
40 

the  K  method  of  calculating  PPM  is  highly  reliable  in  adults  (28,44),  it  does 
not  take  into  account  the  differences  in  the  K  content  of  PPM  between  those  who 
perform  much  physical  activity  and  those  who  do  not,  so  it  may  underestimate  PPM 
in  the  obese  (45-47).  Also,  the  K  content  varies  among  muscles  and  organs  of  the 
body  (48),  and  the  proportions  of  PPM  that  are  muscle,  skin,  bone,  etc.,  vary 
between  and  within  sex-,  ethnic-,  and  age- specific  groups  (49-52). 

Another  method  of  estimating  body  composition  is  to  measure  total  body  water 
(TBW) .  This  method  assumes  that  PPM  has  a  constant  water  content  and  that  body 
fat  is  anhydrous  (53-55).  The  PPM  of  young  adults  is  considered  to  be  about  72% 
water,  but  the  water  content  of  adipose  tissue,  as  opposed  to  body  fat,  is  10%  to 
30%  in  lean  individuals  and  as  low  as  5?o  in  the  obese  (42,56).  Methods  of 
measuring  TBW  are  based  on  the  dilution  of  deuterium,  tritium,  urea,  antipyrine, 

thiocyanate,  or  alcohol  (39,53,57-60).  All  these  methods  require  time  for 
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equilibration  within  the  subject,  or  dubious  extrapolation,  and  careful 
supervision  that  fluids  are  not  taken  and  all  urine  is  collected.  Such  procedures 
are  difficult  for  both  the  subject  and  the  investigator,  and  the  data  require 
adjustments  for  water  gain  or  insensible  water  loss.  Finally,  the  space  measured 
may  not  correspond  to  the  "water  compartment"  because  of  exchange  with  atoms  in 
molecules  other  than  water,  particularly  protein  (61). 

Another  method  of  determining  body  composition  is  to  measure  body  volume.  If 
the  volume  and  weight  of  the  body  are  known,  its  density  can  be  calculated.  Air 
displacement  can  be  used  instead  of  underwater  weighing  to  measure  body  volume 
(62,63) .  The  theoretical  basis  is  the  Ideal  Gas  Law  which  should  apply  to  the 
behavior  of  air  at  ordinary  room  temperatures  and  pressures.  The  method  is  diffi¬ 
cult  to  apply  because  of  the  water  vapor  in  expired  air  and  the  occurrence  of 
temperature  changes.  Body  volume  can  also  be  measured  in  air  using  the  dilution 
of  inert  gases  such  as  helium  or  krypton  (58,64).  The  participant  enters  one 
chamber  and  a  known  volume  of  inert  gas  in  a  second  chamber  is  mixed  with  the  air 
in  the  first  chamber.  After  equilibrium  is  reached,  the  concentration  of  the  gas 
is  measured  and  body  volume  calculated.  Calibration  is  difficult,  as  is  measure¬ 
ment  of  the  concentration  of  the  gas.  Also,  equilibration  takes  a  long  time  which 
places  a  burden  on  both  the  participant  and  the  investigator.  The  basic  principle 
is  sound,  but  problems  must  be  addressed  in  order  to  arrive  at  accurate, 
cost-effective  results. 

Total  body  electrical  conductivity  (TOBEC)  is  a  newer  method  to  estimate  TBF, 
and  some  encouraging  validation  data  have  been  reported  (8,  65-68).  The  person  is 
placed  within  a  large  solenoid  coil  with  a  5-mHz  oscillating  radio  frequency 
current.  The  oscillating  field  of  the  coil  induces  a  current  in  the  person 
thereby  changing  the  coil  impedance  which  can  be  measured  very  accurately. 

40 

Estimates  of  FFM  and  TBF  by  K  generally  compare  well  with  corresponding 

estimates  from  other  direct  methods.  Correlation  coefficients  among  estimates  of 
40 

FFM  in  adults  by  K,  BD,  and  TBW  range  from  +0.65  to  +0.94  (45,49,50).  Despite 

these  rather  high  correlations,  some  large  differences  occur  between  the  estimates 

40 

from  K  and  BD  for  individuals  (45,51,52).  However,  density  and  hydrometry 
usually  yield  similar  results  when  applied  to  individuals  (69-71).  The  TOBEC 
method  has  not  been  fully  validated. 
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There  are  important  logistical  limitations  with  each  of  the  direct  methods  of 

estimating  body  composition.  Densitometry  requires  a  large  tank  of  water  and 

specialized  equipment  for  recording  underwater  weight  and  measuring  RV.  The 

subject  must  change  into  a  swim  suit  and  submerge  at  complete  exhalation.  The 
40  . 

measurement  of  K  is  time-consuming  and  requires  the  subject  to  be  isolated  in 
an  enclosed  cylinder  or  booth.  In  addition,  sensitive  detection  equipment  and  pre- 
World  War  II  steel  must  be  used  in  the  construction.  Pre -World  War  II  steel  was 
forged  before  atmospheric  nuclear  testing  and  does  not  contain  additional  gamma 
radiation.  Measures  of  TBW  require  the  precise  administration  of  chemicals  or 
radioactive  isotopes  followed  by  a  period  of  4  to  12  hours  of  supervised  complete 
fasting  before  the  collection  and  analysis  of  blood,  urine,  or  saliva  specimens. 

The  TOBEC  method  is  rapid,  but  it  is  incompletely  tested  and  requires  specialized 
expensive  equipment.  Each  of  these  methods  require  large,  expensive,  specialized 
laboratories  and  several  highly  trained  personnel. 

Regional  Body  Measurements 

The  body  composition  techniques  discussed  in  the  preceding  paragraphs  concern 
the  whole  body.  However,  regional  measures  of  adipose  tissue,  muscle,  and  bone 
can  provide  important  information  relating  to  risk  of  disease,  affect  body  size 
and  shape  and  may  be  used  to  estimate  total  body  composition  (2,72,73).  Skinfold 
thicknesses  are  one  type  of  regional  measurement.  Skinfold  thicknesses,  together 
with  circumferences  at  the  same  levels  as  the  skinfolds,  can  be  used  to  estimate 
cross-sectional  adipose  tissue  and  muscle  areas  of  the  upper  arm  or  calf.  Each  of 
these  tissue  areas  are  significantly  correlated  with  TBF  or  FFM  (74).  These 
estimates  of  adipose  tissue  and  muscle  tissue  areas  are  based  upon  the  assumption 
that  cross-sections  of  the  upper  arm  and  calf  consist  of  concentric  rings  of 
adipose  tissue,  muscle,  and  bone.  These  estimates  can  also  be  based  upon  a 
formula  that  provides  estimates  more  nearly  matching  the  actual  distributions  of 
these  tissues  (75). 

The  large  variations  in  correlation  coefficients  among  skinfold  thickness  at 
different  sites  and  with  TBF  in  adults  emphasize  the  importance  of  appropriate 
site  selection  (10,35,76-80).  Selection  of  a  site  for  skinfold  measurement  is 
limited  by  the  need  to  "pick-up”  a  skinfold.  This  excludes  measures  of  skinfolds 
at  sites  such  as  the  breasts,  which  are  estimated  to  contain  3.5%  of  the  body  fat 
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of  women  (81).  Also,  skinfold  calipers  cannot  be  used  in  the  obese  (82).  In 
addition,  skinfold  sites  should  be  located  with  reference  to  bony  landmarks.  This 
is  impossible  over  the  buttocks,  where  a  skinfold  can  be  picked  up,  with  its  long 
axis  horizontal,  in  the  posterior  midline  of  the  thigh  just  proximal  to  the 
gluteal  fold  (83),  but  site  location  relative  to  skeletal  landmarks  is  uncertain. 
This  topic  has  been  reviewed  recently  (2,73).  There  are  other  disadvantages  to 
the  use  of  skinfold  calipers.  They  compress  subcutaneous  adipose  tissue  to  an 
extent  that  varies  from  one  individual  to  another  (84).  Consequently,  useful 
adjustments  for  compression  cannot  be  made  for  individuals  unless  uncompressed 
thicknesses  are  available.  Valid,  uncompressed  data  can  be  obtained  from 
radiographs  by  measuring  the  thickness  of  a  subcutaneous  adipose  tissue  shadow  on 
a  radiograph  (85).  However,  positioning  the  body  for  radiography  is  difficult, 
and  more  importantly,  this  method  involves  radiation. 

Skinfold  measurements  have  been  validated  by  comparison  with  data  from  direct 
postmortem  measurements  (78,86-89).  Correlations  between  values  from  skinfolds 
and  corresponding  radiographic  measurements  are  about  +  0.8  in  adults  (78,90-95). 
There  are  few  logistic  problems  in  using  skinfold  calipers  to  measure  subcutaneous 
adipose  tissue  thickness.  Skinfold  calipers  are  relatively  inexpensive,  easily 
portable,  and  simple  to  use.  They  do  not  require  extensive  training  of  personnel 
for  accurate  use,  they  do  not  cause  pain,  and  the  procedure  is  non- invasive.  As  a 
result,  skinfold  calipers  are  widely  used  in  screening  programs  and  in  large 
anthropometric  and  nutritional  surveys  from  which  there  is  an  extensive  body  of 
data  (96-98). 

REVIEW  OF  NEW  METHODS 

Whole  Body  Measurements 

The  newest  method  of  measuring  total  body  composition  is  bioelectric 
impedance.  Electrical  impedance  is  the  opposition  of  a  material  to  the  flow  of  an 
alternating  electrical  current  that  is  frequency  dependent  (99).  Impedance  is 
analogous  to  the  resistance  of  a  conductor  to  a  direct  current.  The  use  of 
bioelectric  impedance  to  measure  body  composition  is  based  upon  the  difference 
between  FFM  and  TBF  in  their  abilities  to  conduct  an  alternating  electric  current 
at  low  frequencies  (100).  The  difference  in  the  conductivity  of  these  body 
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constituents  is  a  reflection  of  differences  in  their  water  and  electrolyte 
concentrations  (100,101). 

From  Ohm’s  Law,  electrical  impedance  is  directly  proportional  to  the  length 

of  the  conductor  and  inversely  proportional  to  its  cross-sectional  area,  assuming 

that  the  current  is  directly  proportional  to  the  potential  difference  between  the 

ends  of  the  conductor.  If  impedance  (Z)  is  proportional  to  the  length  of  the 

conductor  and  to  its  volume  resistivity  in  ohms-cm  (p) ,  and  inversely  proportional 

to  its  cross-sectional  area  (A) ,  Z  is  proportional  to  pLength/A.  If  volume  (V)  is 

the  product  of  length  and  cross-sectional  area,  V  =  Length  x  A,  then  A  =  V/Length, 

2 

and  by  substitution,  Z  =  pLength  x  Length/V,  and  V  =  pLength  /Z.  Thus,  based  on 

the  assumption  that  stature  (S)  represents  the  length  of  the  conductor,  and  that 

bioelectric  impedance  is  an  index  of  FFM,  the  volume  of  FFM  in  the  body  is 

2 

proportional  to  stature  divided  by  impedance. 

Electrical  impedance  is  also  equal  to  the  square  root  of  the  sum  of  the 

square  of  the  resistance  and  the  square  of  the  reactance.  Reactance  is  produced 

in  the  human  body  by  the  capacitant  effects  of  tissue  interfaces  and  cell 

membranes.  However,  if  the  value  of  reactance  is  small  compared  to  the  value  of 

resistance,  then  the  latter  can  be  used  as  a  measure  of  impedance  (102). 

Recently,  Lukaski  and  coworkers  (99)  reported  an  extremely  high  correlation 

coefficient  (+0.99)  between  values  of  impedance  and  resistance.  Also,  they 

reported  that  correlations  of  either  impedance  or  resistance  alone  with  measures 

of  body  composition  were  almost  identical  (99).  In  practice,  bioelectric 

resistance  is  measured  rather  than  bioelectric  impedance,  and  the  ratio 
2 

stature  /resistance  is  used  as  an  index  of  FFM.  In  small  samples, 

2  .  ■ 

stature  /resistance  is  closely  associated  with  measures  of  TBW  and  FFM  from 
40 

densitometry  or  K  (99,101,  103-108).  Failure  to  appreciate  the  basic 

2 

importance  of  stature  /resistance  in  this  context  can  result  in  misleading 
findings  (109). 

The  reliability  of  bioelectric  impedance  and  resistance  measurements  appears 
to  be  excellent  (99,110-112).  The  standard  errors  of  the  estimates  (SEE)  of  FFM 
are  reported  to  be  smaller  with  the  Bioelectrical  Impedance  Analyzer  (BIA)  (2.1  to 
3.6  kg)  than  with  the  TOBEC  instrument  (3.8  to  11.2  kg),  but  these  conclusions  are 
based  on  small  samples  among  which  there  are  differences  in  the  ’’direct”  methods 
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that  were  applied  (8,66,68,99,106,113,114).  Errors  of  the  estimates  are  due,  in 
part,  to  biological  variations  in  FFM  between  individuals  that  lead  to  errors  in 
measurements  of  TBW  or  BD  (56,115).  There  is  little  doubt  that  improvements  are 
needed  in  the  estimation  equations  supplied  by  the  manufacturer  of  the  BIA 
instrument  (107,110,111).  It  has  been  claimed  that  %BF  can  be  estimated  better  by 
a  series  of  circumferences  than  by  impedance  (110),  but  supporting  data  have  not 
been  reported. 

Regional  Body  Measurements 

Ultrasonic  measurements  of  subcutaneous  adipose  tissue  thickness  have  several 
advantages  over  the  use  of  skinfold  calipers.  Ultrasonic  measurements  are  not 
affected  by  inter- individual  differences  in  tissue  compressibility  (84).  In 
addition,  ultrasound  has  the  potential  advantage  that  it  could  be  used  at  body 
locations  where  skinfolds  cannot  be  measured  effectively,  such  as  breast  and 
buttocks,  and  where  the  skinfold  is  too  large  or  cannot  be  separated  from  under¬ 
lying  tissue  as  is  common  over  the  abdomen  in  the  obese.  Despite  these  apparent 
advantages,  ultrasound  has  not  been  used  commonly  to  measure  subcutaneous  adipose 
tissue  thickness.  This  is  because  early  instruments  were  nonportable  or  two 
technicians  were  required  (95),  and  the  estimation  of  adipose  tissue  thickness  was 
made  from  the  horizontal  axis  of  an  oscilloscope  (116).  Measurement  errors  for 
these  instruments  were  considerably  larger  than  those  for  skinfold  calipers  (82). 
One  recently  developed  portable  instrument  (ITHACO)  uses  light  emitting  diodes 
with  an  accuracy  of  2.0  ram,  but  measurement  errors  with  this  instrument  are 
considerably  larger  than  those  with  skinfold  calipers  (82,117,118). 

Ultrasonic  measurements  must  be  made  at  places  where  there  is  a  greater 
thickness  of  subcutaneous  adipose  tissue  than  the  minimum  reading  of  the  instru¬ 
ment  and  where  there  is  a  relatively  flat  muscle  -  adipose  tissue  interface. 
Ultrasonic  measurements  of  subcutaneous  adipose  tissue  thickness  are  positively 
correlated  with  corresponding  caliper  and  radiographic  measurements  in  adults, 
except  at  sites  where  bone  is  near  the  surface  or  numerous  muscle  interfaces  are 
present  (82,95,116,119-121).  The  presence  of  interfaces  is  an  individual 
characteristic  that  can  be  determined  only  by  ultrasound  in  the  living. 

Ultrasonic  measurements  of  subcutaneous  adipose  tissue  are  significantly 
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correlated  with  BD  or  TBF  in  small  samples,  but  these  correlations  are  generally 
tower  than  those  for  skinfold  thicknesses  (83,120-123). 

There  appear  to  be  few  logistic  problems  with  the  taking  of  bioelectric 
impedance  and  ultrasonic  measurements.  Both  pieces  of  equipment  are  light,  can 
run  on  batteries,  and  do  not  require  extensive  personnel  time  or  training. 
However,  errors  associated  with  the  equipment,  the  technicians,  and  methodology 
are  unknowii.  The  current  research  investigates  these  phenomena  in  two  new 
systems:  the  Bioelectric  Impedance  Analyzer,  BIA-101,  and  the  Echoscan  1502 
ultrasound  machine . 

DESCRIPTION  OF  EQUIPMENT  TO  BE  TESTED 
bioelectric  Impedance  Analyzer 

The  Bioelectric  Impedance  Analyzer,  Model  BIA-lOl,  is  manufactured  by  RJL 
Systems,  Inc.,  9930  Whittier,  Detroit,  Michigan  48224.  The  analyzer  weighs  1.06 
kg  and  uses  a  4-electrode  system.  The  two  source  electrodes  introduce  a  painless 
harmless  alternating  current  of  800  microamps  at  50  kHz  +  2%.  Two  measuring  elec 
trodes  are  placed  between  the  source  electrodes  to  measure  the  electric  impedance 
of  the  conductor.  Placement  of  the  electrodes  is  shown  in  Figure  1.  The  parti¬ 
cipant  does  not  have  to  undress  or  be  electrically  grounded,  and  there  is  no 
possibility  of  electric  shock.  The  apparatus  should  be  calibrated  twice  daily 
with  a  test  object. 
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IMPEDANCE 


Figure  1.  Placement  of  electrodes  for  the  Bioelectric  Impedance  Analyzer 
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EchoScan  1502 


The  EchoScan  1502  is  an  ultrasound  machine  that  uses  a  single  crystal,  5  mHz 
transducer,  0.8  cm  in  diameter.  This  machine  has  a  digital  display  accurate  to 
0.01  cm  based  upon  a  rate  of  transmission  of  sound  through  adipose  tissue  of  1450 
m/sec.  The  EchoScan  1502  is  manufactured  by  Par  Scientific  Instruments  Aps, 
Orstedsgade  16,  DK-5900  Rudkobing,  Denmark.  With  this  equipment,  an  operator  can 
select  different  sound  velocities  and  measurement  depths.  The  EchoScan  is 
calibrated  internally  to  the  manufacturer’s  transducer,  but  it  can  be  calibrated 
to  use  other  transducers  with  different  time  delays. 

OVERVIEW  OF  EXPERIMENTS  CONDUCTED 

Replicability 

The  Bioelectric  Impedance  Analyzer  and  the  EchoScan  1502  are  new  equipment 
for  which  observer  and  machine  errors  have  not  been  reported.  Each  of  these 
machines  was  tested  to  determine  intra-  and  inter-machine  differences  by  the  same 
and  different  observers.  These  tests  helped  to  determine  the  amount  of  error  in 
each  reading  that  is  due  to  the  person  taking  the  measurement,  the  person  being 
measured,  and  the  machines.  If  the  equipment  were  accurate  and  the  observers 
careful,  these  components  of  error  should  not  be  significant.  The  tests  were 
designed  to  determine  the  amount  of  error  expected  to  occur  in  a  field  setting 
with  different  machines  and  with  different  observers. 

Questionnaire  data  were  also  obtained  about  handedness,  particularly  for 
gross  motor  tasks,  and  about  the  extent  to  which  one  side  of  the  body  was  used 
differentially  in  physical  work.  These  data  were  obtained  from  each  subject  and 
were  used  with  resistance  data  in  analyses  to  determine  whether  there  was  a 
significant  effect  of  handedness. 

Validity 

After  it  was  determined  that  the  new  equipment  was  accurate,  measurement 
validity  was  tested.  Bioelectric  impedance  is  supposed  to  provide  a  measure  of 
FFM  that  can  be  used  alone  or  in  combination  with  other  body  measurements  to 
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estimate  body  composition.  The  validity  of  bioelectric  impedance  was  assessed  by 

2 

the  improvement  in  the  R  and  SE  when  BD  from  underwater  weighing  was  predicted 
from  impedance  combined  with  anthropometric  data  compared  with  predictions  from 
anthropometric  data  alone. 

The  EchoScan  1502  should  provide  measures  of  subcutaneous  adipose  tissue 
thickness  at  specific  body  sites,  free  of  the  effects  of  compression  produced  by 
skinfold  calipers.  In  addition,  ultrasonic  measures  of  subcutaneous  adipose 
tissue  should  be  of  equal,  if  not  greater  value,  than  skinfold  measurements  in 
predicting  body  composition.  Validity  of  ultrasonic  measurements  was  tested  by 
taking  corresponding  ultrasonic  and  skinfold  measurements  from  the  same  group  of 
men  and  women,  plus  some  ultrasonic  measurements  from  body  sites  where  skinfolds 
were  not  possible.  True  tests  of  the  validity  of  the  ultrasonic  measurements 
would  be  possible  only  by  comparison  to  corresponding  measurements  taken  from 
radiographs.  Since  this  was  impossible,  the  validity  of  the  ultrasonic 
measurements  was  investigated  by  determining  if  their  values  improved  the 
estimation  of  body  composition  over  that  of  corresponding  skinfold  thicknesses. 

Physiological  Factors 

The  influence  of  diurnal  variation  and  of  menstruation  on  the  conductivity  of 
the  body  was  studied  using  serial  data  from  small  samples.  This  part  of  the  study 
provided  important  evidence  consistent  with  findings  from  the  larger 
cross-sectional  sample. 

The  effects  of  diurnal  variation  on  bioelectric  impedance  were  examined  in 
the  cross-sectional  study.  All  subjects  were  questioned  regarding  interval  from 
last  meal/drink  and  the  nature  and  amount  of  the  last  meal/drink,  elimination 
(urine,  feces)  and  their  recent  involvement  in  exercise.  In  addition,  a  few 
subjects  were  measured  with  the  BIA  instrument  on  the  hour  between  0900  and  1700 
hours.  Night-time  values  were  not  obtained  because  they  would  have  little 
practical  interest.  The  subjects*  activities  were  not  controlled,  but  each  kept  a 
diary  regarding  activities  (consumption  of  food  and  drink,  urination,  exercise, 
etc.)  during  the  day. 
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Thirty-five  women  over  18.5  years  of  age  were  selected  without  reference  to 
the  nature  of  their  menstrual  cycles  (duration,  amount,  regularity).  For  35 
consecutive  days,  each  woman  had  a  measure  of  bioelectric  impedance  and  each  was 
questioned  about  health  activities  during  the  previous  day,  about  menstrual 
characteristics  (when  appropriate)  and  about  details  of  current  oral  contraceptive 
use.  this  part  of  the  study  was  included  so  that  within- subject  changes  in 
bioelectric  resistance,  perhaps  associated  with  premenstrual  water  retention, 
could  be  related  to  timing  within  the  menstrual  cycle. 

Short-term  dietary  differences  could  influence  bioelectric  impedance  by 
altering  the  body  content  of  water  and  electrolytes.  Dietary  differences  could 
also  alter  skinfold  measurements  because  of  changes  in  compressibility,  but  there 
is  no  basis  for  expecting  they  would  affect  the  ultrasonic  measurements  of 
subcutaneous  adipose  tissue  thicknesses.  Therefore,  24-hour  dietary  records  were 
obtained  and  the  timing  of  intakes  of  food  and  drink  were  used  as  co-variates  in 
analyses  of  the  differences  between  measured  and  predicted  body  composition  values 

Questionnaire  data  relating  to  exercise  during  the  week  and  24  hours  prior  to 
testing  were  also  obtained.  Exercise  could  have  an  influence  on  bioelectric 
impedance,  particularly  if  fluids  lost  have  not  been  replaced. 

There  is  no  logical  reason  to  expect  real  racial  differences  in  regard  to  any 
aspect  of  the  study  other  than  accuracy.  Consequently,  analyses  relating  to 
racial  factors  were  restricted  to  accuracy  and,  for  logistic  reasons,  the 
comparisons  were  restricted  to  black  versus  white  differences.  Racial  group 
membership  was  obtained  by  self-report. 
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REPLICABILITY 

RATIONALE 

Replicability  is  important  because  of  the  differences  that  can  occur  in  the 
values  of  repeated  body  measures  made  by  the  same  or  different  measurers  using  one 
or  more  pieces  of  the  same  measuring  equipment.  If  these  differences  are  large, 
they  will  obscure  estimates  of  the  true  values  for  measures  of  body  size,  shape, 
composition  and  function.  If  equipment  is  manufactured  properly,  is  well 
maintained  and  kept  calibrated,  any  error  of  measurement  by  the  same  or  by  two 
separate  pieces  of  the  same  type  of  equipment  should  be  very  small,  and  the  largest 
source  of  error  will  be  due  to  the  person  or  persons  taking  the  body  measurements. 
For  equipment  that  has  become  common  in  its  usage,  intra-  and  inter-machine  and 
intra-  and  inter-observer  errors  generally  have  been  reported.  For  newly  marketed 
equipment,  however,  there  is  frequently  only  limited  information  provided  by  the 
manufacturer  and  field  tests  are  lacking.  Because  this  contract  tested  two  new 
types  of  equipment,  it  was  important  to  determine  the  reliability  of  the  equipment 
and  the  level  of  observer  errors  to  be  expected  with  the  equipment,  and  how  these 
errors  compare  to  those  of  equipment  presently  used  in  surveys.  If  the  equipment 
is  not  reliable  or  the  observer  errors  cannot  be  kept  within  acceptable  limits, 
then  the  equipment  cannot  be  recommended. 

MACHINE  REPLICABILITY 

Hypotheses 

To  determine  the  amounts  of  machine  error,  the  following  hypotheses  were 
tested: 

1.  There  are  no  differences  in  repeated  measures  of  bioelectric  resistance 
using  one  or  two  BIA-101  Bioelectric  Impedance  Analyzers. 

2.  There  are  no  differences  in  repeated  ultrasonic  measures  of  subcutaneous 
adipose  tissue  thickness  at  a  site  using  one  or  two  EchoScan  1502 
ultrasound  machines. 
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Sample  and  Methods 

Sample 

Machine  replicahility  was  tested  using  a  sample  of  24  healthy  young  adults  Who 
were  each  measured  twice  with  two  Model  BIA-101  bioelectric  impedance  analyzers  and 
two  EchoScan  1502  ultrasound  machines.  All  measurements  were  collected  from  each 
participant  in  this  sample  on  the  same  day.  Within  this  sample,  there  were  12 
white  men,  18.0  to  34.2  years  of  age  and  12  white  women,  18.2  to  29.9  years  of 
age.  The  distributions  for  age,  stature,  and  weight  of  these  participants  are 
presented  in  Table  1.  All  measures  of  participants  in  the  machine  replicability 
study  Were  collected  using  facilities  at  the  Department  of  Physical  Education, 
Cedarville  College,  Cedarville,  Ohio.  The  forms  for  informed  consent  and  data 
collection  are  in  Appendix  A. 

TABLE  1.  Distributions  for  Age,  Stature  and 

Weight  in  the  Machine  Replicability  Sample. 

Age  Stature  Weight 


N 

Mean 

(Years) 

SD 

Mean 
( cm) 

SD 

Mean 

SD 

Men 

12 

21.9 

4.2 

179.5 

6.7 

79.6 

9.0 

Women 

12 

21.6 

3 . 2 

165.4 

4.1 

61.9 

5.1 

Methods 

Bioelectric  Impedance.  Bioelectric  impedance  was  measurad  as  bioelectric 
resistance  with  two  RJL  Systems  Model  BIA~101  analyzers.  Bioelectric  resistance 
was  measured  twice  on  the  right  side  of  each  participant  by  each  of  two  observers 
working  independently  with  two  separate  machines.  The  participant  was  supine  with 
the  arms  resting  alongside  but  not  touching  the  body,  and  the  legs  separated  (25  cm 
between  medial  malleoli)  so  that  there  was  no  contact  between  the  legs.  Each 
participant  was  dressed  in  a  swimsuit  or  shorts  and  a  T-shirt.  The  electrodes  were 
attached  to  the  body  using  4  cm  of  electrode  tape  and  a  small  amount  of  electrode 
cream  at  each  site.  The  placement  of  the  electrodes  is  described  in  Appendix  B. 
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After  attaching  electrodes  to  the  participant,  the  red  and  black  cables  were 
connected  to  the  first  BIA  analyzer,  and  two  measures  of  bioelectric  resistance 
were  recorded  separately  by  each  observer.  After  these  resistance  measures  had 
been  taken  and  without  removing  the  electrodes  from  the  participant’s  body,  the 
red  and  black  cables  were  connected  to  the  second  BIA  analyzer.  Using  the  second 
analyzer,  each  observer  again  separately  recorded  two  measures  of  bioelectric 
resistance. 

Ultrasound.  Ultrasonic  measures  of  subcutaneous  adipose  tissue  thickness 
were  taken  at  the  same  body  locations  with  two  EchoScan  1502  portable  ultrasound 
machines.  The  body  sites  were  on  the  buttocks  and  the  superior  breast  plus  the 
same  sites  used  for  measures  of  skinfold  thicknesses  at  the  triceps,  biceps, 
subscapular,  mid-axillary,  paraumbilical,  anterior  thigh,  and  lateral  calf  sites. 
The  measurement  location  of  each  body  site  was  marked  on  each  participant.  Using 
the  first  ultrasound  machine,  measurements  were  recorded  twice  by  each  of  two 
observers  working  independently.  The  same  procedure  was  then  repeated  using  the 
second  ultrasound  machine.  The  anatomical  location  of  each  ultrasonic  measurement 
is  given  in  Appendix  B. 

For  each  ultrasonic  measurement,  one  observer  held  the  transducer  lightly 
against  the  skin  of  the  participant  at  the  marked  location  avoiding  tissue 
compression.  The  transducer  was  held  perpendicular  to  the  surface  of  the  skin 
with  an  interface  of  ultrasound  transmission  gel.  The  second  observer  monitored 
the  readout  part  of  the  EchoScan  instrument  and  made  adjustments  to  the  gain  to 
determine  the  thickness  of  the  subcutaneous  adipose  tissue  at  that  location.  The 
value  recorded  for  a  measurement  was  assigned  to  the  observer  who  monitored  and 
adjusted  the  EchoScan  machine. 

Results  and  Discussion 

Results 

Hypothesis  1 

Intra-Machine  Differences  for  Model  BIA-101  Impedance  Analyzer.  Bioelectric 
resistance  measures  were  taken  by  two  observers  each  of  whom  recorded  a  pair  of 
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TABLE  2.  Distribution  Statistics  and  Reliability  for  Intra-  and 
Inter-Machine  Differences  for  the  Bioelectric  Impedance 
Analyzers  by  Observer. 


N  Mean^  SD  TE^  CV  CR^ 

(pairs)  (ohm)  (ohm)  (%)  (%) 


Intra-Machine 
Analyzer  1 


Observer  A 

24 

0.3 

0.5 

0.4 

0.0 

100.0 

Observer  B 

24 

0.3 

0.5 

0.4 

0.1 

100.0 

Analyzer  2 

Observer  A 

24 

0.9 

1.8 

1.4 

0.3 

100.0 

Observer  B 

24 

0.5 

1.1 

0.8 

0.2 

100.0 

Inter-Machine 

Observer  A 

24 

2.4 

5.2 

4.0 

0.8 

99.5 

Observer  B 

24 

2.4 

4.4 

3.5 

0.7 

99.7 

a.  Mean  absolute  differences 

b.  Technical  error  of  measurement 

c.  Coefficient  of  reliability 


measurements  with  two  separate  bioelectric  impedance  analyzers.  The  mean  absolute 
difference  for  repeated  bioelectric  resistance  measures  was  0.3  ohm  for  both 
observers  for  analyzer  1  and  0.5  and  0.9  ohm  for  observers  A  and  B,  respectively, 
with  analyzer  2  (Table  2).  The  largest  intra-machine  difference  was  7.0  ohm.  The 
technical  errors  of  measurement  (defined  in  Appendix  F)  were  0.4  ohm  for  both 
observers  for  analyzer  1  and  0.8  and  1.4  ohm  for  the  two  observers  for  analyzer  2. 
For  both  machines,  regardless  of  observers,  the  coefficient  of  reliability  (defined 
in  Appendix  F)  was  100%. 

Inter-Machine  Differences  for  Model  BIA-101  Impedance  Analyzers.  Mean 
absolute  differences  for  repeated  measures  of  resistance  on  the  same  participant 
using  two  analyzers  were  2.4  ohm  for  both  observers  (Table  2).  The  technical 
errors  of  measurement  (TE)  between  machines  were  less  than  5.0  ohm  for  each 
observer.  The  largest  inter-machine  difference  was  26.0  ohm,  but  the  coefficient 
of  reliability  (CR)  for  both  machines  was  99.5%  or  greater. 
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Hypothesis  2 


Intra-Machine  Differences  for  the  EchoSean  1502.  The  intra-machine  mean 
absolute  differences  and  estimates  of  reliability  are  presented  in  Tables  3  and  4. 
Because  of  missing  data  for  some  measurements,  the  data  presented  are  for  groups 
that  vary  in  size  from  17  to  24.  The  absolute  differences  were  small  with  means  of 
about  1.0  mm  and  SD  values  of  0.7  to  1.5  mm  for  the  ultrasonic  measurements  by 
observer  A  using  machine  1.  Corresponding  differences  were  slightly  larger  for 
observer  A  using  machine  2  and  slightly  smaller  for  observer  B  when  using  either 
machine  1  or  machine  2.  The  maximum  differences  for  the  ultrasonic  measurements 
were  as  large  as  7.2  ram.  Most  of  the  TE  of  the  ultrasonic  measurements  were  less 
than  1.0  ram  with  a  range  from  0.4  to  1.8  mm.  The  coefficient  of  variation  (CV) 
values  for  the  ultrasonic  measurements  ranged  from  11.6%  to  38.4%,  and  the 


TABLE  3.  Distribution  Statistics  and  Reliability  for  Intra-Machine 
Differences  for  the  EchoScan  1502  Ultrasound  Machine  1  by 
Observers . 


Ultrasound 

Site 

N 

(pairs) 

Mean^ 

(mm) 

SD 

(ram) 

Tgb 

CV 

(%) 

CR^ 

(%) 

Observer  A 

Triceps 

24 

1.1 

1.1 

1.1 

25.9 

40.6 

Subscapular 

17 

1.1 

0.8 

1.0 

21.9 

64.7 

Biceps 

24 

1.0 

0.7 

0.9 

24.0 

58.3 

Midaxillary 

20 

1.3 

1.0 

1.1 

27.7 

42.4 

Breast 

22 

1.2 

1.1 

1.2 

21.5 

58.9 

Paraumbilical 

19 

1.5 

1.5 

1.5 

30.6 

29.4 

Anterior  Thigh 

24 

1.2 

1.4 

1.3 

20.8 

56.6 

Lateral  Calf 

24 

0.9 

1.0 

1.0 

24.2 

67.1 

Buttocks 

20 

0.9 

0.8 

0.9 

15.7 

46.2 

Observer  B 

Triceps 

24 

1.0 

0.9 

1.0 

20.2 

54.0 

Subscapular 

17 

j^'T  •  1 

1.2 

1.1 

22.6 

63.1 

Biceps 

24 

0.5 

0.4 

0.4 

13.0 

74.9 

Midaxillary 

20 

0.6 

0.7 

0.6 

13.6 

76.5 

Breast 

20 

1.0 

0.7 

0.8 

18.3 

70.3 

Paraumbilical 

19 

1.3 

1.4 

1.4 

29.3 

22.4 

Anterior  Thigh 

24 

0.7 

0.8 

0.7 

11.6 

75.5 

Lateral  Calf 

24 

0.7 

0.7 

0.7 

16.5 

74.8 

Buttocks 

17 

0.8 

0.7 

0.7 

12.9 

74.1 

a.  Mean  absolute  differences 

b.  Technical  error  of  measurement 

c.  Coefficient  of  reliability 
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reliability  estimates  varied  from  zero  to  76.5%.  Reliability  tended  to  be  high 
for  the  ultrasonic  measurements  at  the  lateral  calf  site  and  low  for  measurements 
at  the  biceps  site,  but  there  was  marked  variability  in  relative  reliability  among 
sites  within  observers  and  machines. 


TABLE  4.  Distribution  Statistics  and  Reliability  for  Intra-Machine 
Differences  for  the  EchoScan  1502  Ultrasound  Machine  2 
by  Observers. 


Ultrasound 

N 

Mean^ 

SD 

Tgb 

CV 

CR^ 

Site 

(pairs) 

(mm) 

(mm) 

(%) 

(%) 

Observer  A 


Triceps 

23 

2.0 

1.6 

1.8 

38.4 

0.0 

Subscapular 

17 

1.4 

1.0 

1.2 

24.5 

33.5 

Biceps 

23 

1.0 

0.6 

0.8 

23.5 

58.2 

Midaxillary 

19 

0.7 

1.0 

0.9 

19.1 

47.6 

Breast 

22 

1.6 

1.5 

1.5 

26.5 

17.1 

Paraumbilical 

19 

1.9 

1.1 

1.5 

27.8 

50.3 

Anterior  Thigh 

23 

1.5 

1.1 

1.3 

21.5 

30.1 

Lateral  Calf 

23 

1.0 

0.8 

0.9 

21.4 

74.3 

Buttocks 

20 

0.9 

1.1 

1.0 

16.3 

55.5 

Observer  B 

Triceps 

23 

0.7 

0.7 

0.7 

13.9 

66.9 

Subscapular 

17 

0.9 

0.6 

0.7 

15.8 

56.5 

Biceps 

23 

0.5 

0.6 

0.6 

18.2 

56.2 

Midaxillary 

19 

0.8 

0.7 

0.7 

16.0 

60.9 

Breast 

20 

0.7 

0.6 

0.6 

14.3 

64.8 

Paraumbilical 

18 

0.7 

0.8 

0.7 

16.4 

76.0 

Anterior  Thigh 

23 

0.8 

0.8 

0.8 

14.8 

56.5 

Lateral  Calf 

23 

0.6 

0.7 

0.7 

19.4 

52.6 

Buttocks 

17 

0.7 

0.7 

0.7 

12.9 

69.5 

a.  Mean  absolute  differences 

b.  Technical  error  of  measurement 

c.  Coefficient  of  reliability 


Inter-Machine  Differences  for  the  EchoScan  1502.  Distribution  statistics,  TE, 
CV,  and  CR  for  observer  A  and  observer  B  are  given  in  Table  5.  These  differences 
are  likely  to  reflect  variations  in  transducer  placement  more  than  they  reflect 
true  "machine”  differences.  The  mean  differences  and  the  SD  for  ultrasonic 
measurements  of  adipose  tissue  thickness  differed  considerably  among  sites  and 
between  observers,  but  in  general,  both  the  means  and  SD  values  were  close  to  1.0 
mm  for  observer  A  and  slightly  less  for  observer  B.  The  differences  tended  to  be 
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large  for  the  anterior  thigh  site  and  small  for  the  biceps  site  with  each 
observer.  Also,  the  maximum  inter-machine  differences  tended  to  be  large  for  the 
lateral  calf  site  and  small  for  the  biceps  and  buttocks  sites  with  each  observer. 


TABLE  5.  Distribution  Statistics  and  Reliability  for 

Inter-Machine  Differences  for  the  EchoScan  1502 
Ultrasound  Machine  by  Observers. 


Ultrasound 

Site 

N 

(pairs) 

Mean^ 

(mm) 

SD 

(ram) 

TEb 

CV 

(%) 

CR<^ 

(%) 

Observer  A 

Triceps 

23 

1.3 

0.9 

1.1 

24.1 

19.8 

Subscapular 

17 

1.1 

1.0 

1.0 

22.1 

48.3 

Biceps 

23 

0.8 

0.6 

0.7 

19.0 

66.8 

Midaxillary 

19 

1.4 

0.9 

1.2 

26.8 

0.0 

Breast 

22 

1.0 

1.0 

1.0 

17.7 

54.5 

Paraumbilical 

18 

1.6 

1,5 

1.5 

29.3 

20.4 

Anterior  Thigh 

23 

1.4 

1.2 

1,3 

21.1 

27.5 

Lateral  Calf 

23 

1.0 

1.2 

1.1 

26.8 

39.0 

Buttocks 

20 

1.1 

0.7 

0.9 

15.5 

43.5 

'  •  i 

Observer  B 

Triceps 

23 

1.1 

0.9 

1.0 

20.1 

15.8 

Subscapular 

17 

0.9 

0.7 

0.8 

16.9 

65.2 

Biceps 

23 

0.4 

0.3 

0,4 

12.0 

75.6 

Midaxillary 

19 

0.7 

0.8 

0.7 

16,1 

54.3 

Breast 

22 

1.0 

0,8 

0.9 

20.5 

39.0 

Paraumbilical 

18 

0.8 

0.7 

0.8 

16.7 

66.4 

Anterior  Thigh 

23 

1.2 

0.9 

1.0 

17.9 

36.5 

Lateral  Calf 

23 

1.0 

1.0 

1.0 

26.0 

3.0 

Buttocks 

20 

0.9 

0.8 

0.8 

14.7 

57.8 

a.  Mean  of  absolute  differences 

b.  Technical  error  of  measurement 

c.  Coefficient  of  reliability 


The  TE  tended  to  be  large  for  the  lateral  calf  site  and  small  for  the  biceps 
and  buttocks  sites  when  data  for  the  two  observers  were  considered.  When  the  mean 
values  were  taken  into  account  by  calculation  of  the  CV,  there  were  relatively  low 
values  for  the  buttocks  site  and  high  values  for  the  lateral  calf  and  paraumbil¬ 
ical  sites.  The  CR  differed  markedly  from  site  to  site,  being  high  for  the 
biceps,  breast,  and  subscapular  sites  and  low  for  the  triceps,  midaxillary,  and 
lateral  calf  sites. 
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Discussion 


Machine  errors  for  the  Bioelectric  Impedance  Analyzers  are  very  small,  and  the 

/ 

reliability  within  and  between  machines  was  excellent.  The  machine  errors  for  the 
EchoScan  1502  were  small  for  both  machines  regardless  of  observers,  but  the 
reliability  within  and  between  machines  was  fair  (50-70%)  to  poor  (<  50%). 

OBSERVER  REPLICABILITY 

Hypotheses 

To  determine  the  amount  of  observer  error,  the  following  hypotheses  were 
tested: 

1.  There  are  no  differences  between  repeated  measures  of  bioelectric 
resistance  by  the  same  or  different  observers. 

2.  There  are  no  differences  between  repeated  ultrasonic  measures  of 
subcutaneous  adipose  tissue  thickness  at  a  site  by  the  same  or  different 
observers. 

3.  There  are  no  differences  between  repeated  measures  of  stature,  weight, 
arm,  and  calf  circumference,  skinfold  thickness,  underwater  weights,  or 
residual  lung  volumes  by  the  same  or  different  observers. 

4.  There  are  no  interaction  effects  within  or  between  observers  and  machines 
for  measures  of  bioelectric  resistance  and  ultrasonic  measures  of 
subcutaneous  adipose  tissue  thickness. 

Sample  and  Methods 

Sample 

These  hypotheses  were  tested  using  data  from  a  cross-sectional  sample  of  177 
healthy  young  adults  who  each  participated  in  measures  of  underwater  weighing, 
anthropometry,  residual  volume,  bioelectric  resistance,  and  ultrasonic  measures  of 
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subcutaneous  adipose  tissue  thicknesses.  Within  this  sample,  there  were  78  white 
men  (19.0  to  27.3  years  of  age) ,  15  black  men  (18.8  to  27.8  years  of  age),  75 
white  women  (18.3  to  29.8  years  of  age),  and  9  black  women  (19.0  to  29.4  years  of 
age).  Blacks  comprised  14.37o  of  the  total  sample.  These  participants  were 
selected  so  that  their  chronological  ages  at  the  times  of  examinations  were  within 
the  10th  and  90th  percentiles  of  age  for  U.S.  Army  men  and  women  at  the  time  of 
the  1966  and  1977  studies  of  U.S.  army  personnel  (Table  6).  There  was  slight 
oversampling  of  the  third  quartile  and  slight  undersampling  of  the  first  and 
fourth  quartile  for  age  within  each  sex.  Sex,  age,  and  race  were  the  only 
criteria  for  selecting  participants.  The  forms  for  informed  consent  and  data 
recording  are  in  Appendix  A. 


TABLE  6.  Percentile  Distributions  of  Age  by  Sex  and  Racial 
Groups  Within  U.S.  Army  Surveys  and  the  Present 
Sample. 


Percentile  Groupings 
10.0-24.99%  25.0-49.99% 

50.0-74.99% 

75.0-90.0% 

MEN 

1966  Army  Survey 

Ages  (years) 

19.1-19.6 

19.7-20.6 

20.7-23.0 

23.1-27.4 

Present  Study 

Whites 

Ages  (years) 

18 . 9-19 . 6 

19.8-20.6 

20,7-22.9 

23.1-27.3 

N 

15 

19 

29 

15 

Blacks 

Ages  (years) 

18.8-18.9 

19.9-20.3 

20.7-22.9 

24.5-27.8 

N 

2 

4 

7 

2 

Total  N 

16 

23 

WOMEN 

36 

18 

1977  Army  Survey 

Ages  (years) 

18.5-19.5 

19.6-22.5 

22.6-25.6 

25.7-29.9 

Present  Study 

Whites 

Ages  (years) 

18.3-19,5 

19.6-22.4 

23.0-25.6 

25.8-29.8 

N 

14 

22 

24 

15 

Blacks 

Ages  (years) 

19,0-19.2 

20.3-20.9 

22.9-25.5 

29.4 

N 

2 

2 

4 

1 

Total  N 

16 

24 

28 

16 

23 


Methods 


Bioelectric  Impedance.  Bioelectric  resistance  was  measured  with  an  RJL 
Systems  Model  BIA-101  Analyzer  as  described  on  page  16  and  in  Appendix  B. 
Resistance  was  measured  twice  on  the  right  side  of  each  participant  by  each  of  two 
observers  working  independently. 

Ultrasound .  Ultrasonic  measures  of  subcutaneous  adipose  tissue  thickness 
were  made  with  an  EchoScan  1502  portable  machine  as  described  on  page  17 ,  at  the 
same  body  locations  as  the  skinfold  measurements,  plus  measures  from  the  buttocks 
and  from  the  breast.  All  ultrasonic  measurements  were  recorded  twice  by  each  of 
two  observers  as  described  in  Appendix  B. 

Underwater  Weighing.  Underwater  weights  were  collected  from  each  participant 

in  this  sample.  This  procedure  was  conducted  using  the  facilities  of  the  Human 

Performance  Laboratory,  Department  of  Physical  Education,  Wright  State  University. 

The  water  tank  consisted  of  a  heavy  plastic  cylinder,  1.5  m  in  diameter  and  1.8  m 

high.  The  water  in  the  tank  was  maintained  with  a  depth  of  approximately  1.0m  at 

o  o 

a  temperature  that  ranged  between  30  and  39  C  from  day  to  day.  The  weighing 
apparatus  consisted  of  a  tubular  plastic  frame  chair  attached  by  plastic  ropes  to 
a  Chatillon  scale  that  had  a  maximum  of  9.0  kg  and  measured  to  the  nearest  10  g. 

After  each  participant  entered  the  tank,  a  tare  weight  was  recorded  for  the 
chair  before  the  participant  sat  down,  and  the  water  temperature  was  recorded. 

The  participant  then  sat  in  the  chair  and  submerged  himself /herself  by  bending 
forward.  This  initial  submersion  was  necessary  to  remove  trapped  air  from  the 
swimsuit  and  from  the  hair.  The  participant  then  sat  up  in  the  chair  while 
instructions  for  the  weighing  procedure  were  explained.  The  participant  was  asked 
to  bend  at  the  waist  until  his/her  body  was  completely  submerged  and 
simultaneously  exhale  to  maximum  expiration.  The  underwater  weight  was  recorded 
after  air  bubbles  stopped  coming  from  the  participant  and  all  oscillations  of  the 
scale  due  to  waves  had  subsided. 

After  listening  to  the  description  of  the  procedures  and  receiving  answers  to 
questions,  each  participant  made  a  minimum  of  five  unrecorded  test  weighings. 
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Many  of  the  participants  were  familiar  with  underwater  weighing,  and  five  pretest 
weighings  were  sufficient  to  ensure  that  the  participant  understood  the  underwater 
weighing  procedures.  More  than  five  pretest  weighings  were  needed  for  a  few 
participants  who  were  afraid  of  water  or  apprehensive  of  the  procedure.  These 
extra  weighings  were  to  ensure  that  the  participants  were  fully  familiar  with  the 
procedures.  The  number  of  pretest  weighings  did  not  exceed  ten  for  any 
participant. 

Following  the  pretest  weighings,  ten  underwater  weights  were  recorded  for 
each  participant  by  each  of  two  observers  working  independently.  After  the  first 
ten  underwater  weights  were  recorded  by  the  first  observer,  the  tare  weight  of  the 
chair  and  water  temperature  were  recorded  again.  Then  a  second  group  of  ten 
underwater  weights  w^re  recorded  by  the  second  observer.  The  order  of  observers 
was  random. 

Residual  Lung  Volume.  Residual  lung  volume  (RV)  was  measured  on  land  to  the 
nearest  0.1  L  by  a  nitrogen  washout  method  (18).  This  procedure  was  conducted  in 
the  Department  of  Physiology,  Wright  State  University  using  a  Gould  MIOOB 
Pulmonary  Function  Analyser.  For  this  procedure,  the  participant  sat  in  a  chair 
alongside  the  Gould  machine  in  a  position  similar  to  that  assumed  while  submerged 
for  underwater  weighing.  After  breathing  room  air,  the  participant  exhaled  to 
maximum  expiration  and  was  immediately  switched  to  breathing  pure  oxygen.  The 
participant  continued  to  breath  pure  oxygen  until  the  nitrogen  concentration  in 
the  expired  air  was  less  than  0.2%.  Two  measures  of  RV  were  recorded  for  each 
participant. 

Anthropometry .  The  following  anthropometric  variables  were  recorded  once  by 
each  of  two  observers  independently:  stature,  weight,  arm,  and  calf  circum¬ 
ferences.  The  following  skinf olds  were  recorded  twice  by  each  of  two  observers 
independently:  triceps,  biceps,  subscapular,  midaxillary,  paraumbilical,  anterior 

thigh,  and  lateral  calf.  Stature,  weight,  arm,  and  calf  circumference  and 'triceps, 
biceps,  subscapular,  and  midaxillary  skinf olds  were  recorded  with  the  participant 
standing.  Paraumbilical,  anterior  thigh,  and  lateral  calf  skinf olds  were  recorded 
with  the  participant  supine.  Skinfolds  and  circumferences  were  recorded  from  the 
right  side  of  the  body  of  each  participant.  Complete  descriptions  of  each  anthro¬ 
pometric  technique  are  found  in  Appendix  B. 
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Results  and  Discussion 

Results 

Hypothesis  1 

Bioelectric  Impedance  Analyzer  Model  BIA  101.  Intra-  and  inter-observer 
differences  for  men  and  women  are  presented  in  Table  7.  In  each  sex,  intra¬ 
observer  differences  for  measures  of  resistance  were  small  with  values  for  the 
mean  absolute  differences,  SD,  and  TE  at  about  6.0  obm.  The  largest  inter-observer 
difference  was  27.0  obm,  but  the  CR  was  98%  or  greater  for  each  observer.  Inter- 
observer  differences  were  very  small  for  both  men  and  women.  The  largest  inter- 
observer  difference  was  17.0  obm,  but  the  CR  was  extremely  high. 

Hypothesis  2 

EcboScan  1502  Ultrasound  Machine.  Mean  absolute  intra-observer  differences 
for  measurements  of  subcutaneous  adipose  tissue  tbicKness  with  ultrasound  in  men 
and  women  are  presented  in  Tables  8  and  9,  respectively.  At  the  breast  and 
buttocks  sites,  where  caliper  measurements  are  impractical  or  difficult  in  both 
men  and  women,  the  ultrasonic  data  showed  relatively  large  means  and  SD  of  the 
differences  for  observer  A  but  not  for  observer  B.  The  breast  and  buttocks  sites 
are  of  particular  interest  because  caliper  measurements  cannot  be  made  effectively 
at  those  sites.  Reliability  at  the  breast  site  was  lower  than  that  at  most  other 
sites  in  the  men,  but  was  relatively  high  at  the  buttocks.  In  the  women,  the  CR 
for  ultrasonic  measurements  at  the  breast  and  buttocks  sites  were  61.3%  and  77.1%, 
respectively,  for  observer  A  and  77.0%  and  82.7%,  respectively,  for  observer  B. 

There  were  significant  differences  between  observers  in  mean  absolute 
intra-observer  errors  for  some  of  the  ultrasonic  variables  recorded.  In  each  such 
case,  the  means  were  larger  for  observer  A  at  triceps,  subscapular,  biceps, 
midaxillary,  anterior  thigh,  and  lateral  calf  sites  in  both  sexes  and  at  the 
paraumbilical  site  in  women.  Significant  sex  differences  between  mean  intra¬ 
observer  errors  were  present  for  ultrasonic  measurements  at  the  triceps,  biceps, 
midaxillary,  anterior  thigh  and  lateral  calf  sites.  In  each  case,  the  mean  was 
larger  for  the  women  than  for  the  men. 
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TABLE  7.  Distribution  Statistics  for  Intra-  and  Inter-Observer 
Differences  for  Bioelectric  Resistance  in  Men  and 
Women  by  Observers . 


Ultrasound 

N 

Mean® 

SD 

TE^ 

CV 

CR<^ 

^  Site 

(pairs) 

(mm) 

(mm) 

(%) 

(%) 

Intra-Observer 


Observer  A 


Men 

96 

6.1 

4.9 

5.5 

1.2 

98.1 

Women 

84 

6.1 

5.1 

5.6 

9.7 

99.3 

Observer  B 

Men 

87 

5.9 

4.8 

5.4 

1.2 

98.0 

Women 

84 

6.4 

4.9 

5.7 

1.0 

99.2 

Inter-Observer 

Men 

99 

0.7 

1.2 

1.0 

0.2 

100.0 

Women 

85 

0.9 

2.6 

1.9 

0.3 

99.9 

a.  Mean  of  absolute  differences 

b.  Technical  error  of  measurement 

c.  Coefficient  of  reliability 


The  ultrasonic  measurements  of  subcutaneous  adipose  tissue  thicknesses  had 
mean  inter- observer  errors  and  SD  values  ranging  from  1.1  to  2.2  ram  with  only 
small  differences  between  the  sexes  (Table  10).  The  maximum  differences  for  each 
site  ranged  from  4.7  to  12.6  mm  in  the  men  and  from  4.2  to  9.5  mm  in  the  women. 

The  TE  for  the  ultrasonic  measurements  were  similar  for  the  two  sexes  and  ranged 
from  1.1  to  2.2  mm.  The  CV  ranged  from  22.17o  to  36.2%  in  the  men  and  from  19.7% 
to  32.0%  in  the  women. 

CR  was  low  for  the  measurements  of  subcutaneous  adipose  tissue  thickness  with 
the  EchoScan  1502  ultrasound  machine  with  ranges  of  26.2%  to  63.6%  for  the  men  and 
a  similar  range  for  the  women.  There  was  little  correspondence  between  the  sexes 
in  the  ultrasound  sites  that  had  relatively  high  or  relatively  low  reliability. 

CR  tended  to  be  relatively  high  for  the  midaxillary  and  lateral  calf  sites  in  the 
men  and  for  the  subscapular  and  buttocks  sites  in  the  women,  while  the  sites  with 
relatively  low  reliability  were  the  breast  and  anterior  thigh  for  the  men  and  the 
triceps  and  lateral  calf  for  the  women. 

The  distributions  for  inter-observer  errors  differed  significantly  between 
the  sexes  for  most  sites.  Larger  errors  were  observed  in  women  for  triceps. 
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biceps,  midaxillary ,  anterior  thigh,  and  lateral  calf  skinfolds,  and  ultrasonic 
measurements  at  the  triceps  and  lateral  calf  sites.  Larger  errors  were  observed 
in  men  for  ultrasonic  measurements  at  the  breast  site,  however,  the  magnitudes  of 
these  sex-associated  differences  were  generally  small. 


TABLE  8.  Distribution  Statistics  for  Intra-Observer  Differences 
for  Ultrasonic  Measures  in  Men  by  Observers. 


Ultrasound  N 

Site  (pairs) 

Mean^ 

(mm) 

SD 

(mm) 

TE^ 

CV 

(%) 

CR^ 

(%) 

Observer  A 

Triceps* 

89 

1.1 

1.0 

1.0 

19.1 

62.6 

Subscapular* 

89 

1.2 

1.0 

1.1 

19.0 

69.3 

Biceps* 

89 

1.0 

1.0 

1.0 

28.0 

64.3 

Midaxillary* 

89 

1.1 

1.0 

1.1 

20.4 

68.5 

Breast 

89 

1.6 

1.5 

1.6 

24.8 

60.9 

Paraumbilical 

88 

1.5 

1.3 

1.4 

22.2 

67.1 

Anterior  Thigh* 

89 

1.2 

1.3 

1.2 

21.1 

71.4 

Lateral  Calf* 

89 

1.2 

1.1 

1.1 

28.3 

59,3 

Buttocks 

85 

1.1 

1.1 

1.1 

15.8 

75.9 

Observer  B 

Triceps* 

89 

0.7 

0.6 

0.7 

13.2 

86.0 

Subscapular* 

89 

0.8 

0.8 

0,8 

15.8 

81.2 

Biceps* 

89 

0.5 

0.5 

0.5 

17.4 

84.8 

Midaxillary* 

89 

0.8 

0.7 

0.8 

15.1 

85 . 7 

Breast 

89 

1.2 

1.2 

1.2 

22,0 

73.3 

Paraumbilical 

88 

1.3 

1.4 

1.4 

21.6 

82.0 

Anterior  Thigh* 

89 

0.8 

0.8 

0.8 

15.0 

80.9 

Lateral  Calf* 

89 

0.6 

0.6 

0.6 

15.3 

79.9 

Buttocks 

85 

0.9 

0.7 

0.8 

13.3 

85.3 

a.  Mean  of  absolute  differences 

b.  Technical  error  of  measurement 

c.  Coefficient  of  reliability 


*.  Significant  difference  in  mean  values  between  observers  (P<0.05). 

Hypothesis  3 


Anthropometry .  Inter-observer  errors  were  computed  for  more  anthropometric 
and  body  composition  variables  than  were  intra  observer  errors.  Intra- observer 
errors  were  not  important  for  measures  of  stature*  weight,  arm  and  calf  circumfer 
ences ,  and  the  measures  of  body  composition  because  the  magnitudes  of  these 


measurements  are  very  large  compared  to  the  magnitudes  of  their  corresponding 
intra-observer  errors.  Intra-observer  errors  were,  however,  important  for 
skinfold  variables. 


TABLE  9.  Distribution  Statistics  for  Intra-Observer  Differences 
for  Ultrasonic  Measures  in  Women  by  Observers. 


Ultrasound  N 

Site  (pairs) 

Mean® 

(mm) 

SD 

(mm) 

TE^ 

CV 

(%) 

CR^ 

(%) 

Observer  A 

Triceps* 

83 

1.9 

1.7 

1.8 

27.4 

41.6 

Subscapular* 

82 

1.4 

1.0 

1,2 

19.5 

64.8 

Biceps* 

83 

1.3 

1.2 

1.3 

28.8 

62.7 

Midaxillary* 

83 

1.6 

1.7 

1,6 

26.6 

31,2 

Breast 

82 

1.4 

1.3 

1.4 

22.2 

61.3 

Paraumbilical* 

82 

1.7 

1.5 

1.6 

23.4 

47.3 

Anterior  Thigh* 

82 

1.6 

1.5 

1.6 

17.5 

61.7 

Lateral  Calf* 

83 

1,6 

1.4 

1.5 

28.6 

47.8 

Buttocks 

78 

1.3 

1.2 

1.3 

17.2 

77.1 

Observer  B 

Triceps* 

85 

1.2 

1.2 

1.2 

15.1 

81.3 

Subscapular* 

84 

0.8 

0.7 

0.7 

11.8 

85 . 4 

Biceps* 

85 

0.7 

0.7 

0 . 7 

15.8 

79.7 

Midaxillary* 

85 

1.0 

0.9 

0.9 

15.3 

71.2 

Breast 

84 

1.1 

1.1 

1.1 

19.4 

77.0 

Paraumbilical* 

84 

1.2 

1.3 

1.2 

17.0 

87.7 

Anterior  Thigh* 

84 

1.1 

1.5 

1.3 

13.9 

65 . 0 

Lateral  Calf* 

85 

0.9 

0.9 

0.9 

15.0 

80.7 

Buttocks 

80 

1.1 

1.2 

1.2 

16,2 

82.7 

a.  Mean  of  absolute  differences 

b.  Technical  error  of  measurement 

c.  Coefficient  of  reliability 

*.  Significant  difference  in  mean  values  between  observers  (P<0.05). 


Data  for  intra-observer  errors  for  the  skinfold  measurements  in  men  are 
presented  for  each  observer  in  Table  11,  and  the  corresponding  data  for  women  are 
presented  in  Table  12.  Intra-observer  errors  are  available  for  the  skinfold 
measurements  only.  The  means  were  less  than  1.0  mm  for  all  skinfolds  in  men  with 
the  exception  of  the  subscapular  and  paraumbilical  skinfolds.  The  SD  values  were 
close  to  1.0  mm  with  the  exception  of  those  for  the  paraumbilical  skinfold  which 
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were  1.5  and  1.8  ram  for  observers  A  and  B,  respectively.  For  both  observers,  the 
differences  were  particularly  small  for  the  biceps  and  lateral  calf  skinfolds. 


TABLE  10.  Distribution  Statistics  and  Reliability  for 
Ultrasonic  Inter-Observer  Differences. 


Ultrasound 

N 

Mean^ 

SD 

TE^ 

CV 

CR^ 

Site 

(pairs) 

(mm) 

(mm) 

(%) 

(%) 

Men 


Triceps*+ 

91 

1.3 

1.1 

1.2 

22.1 

52.7 

Subscapularf 

91 

1.4 

1.3 

1.4 

25.2 

54.8 

Bicepst 

91 

1.2 

1.2 

1.2 

35.4 

46.1 

Midaxil laryt 

91 

1.2 

1.2 

1.2 

23.6 

63.6 

Breast* 

91 

2.2 

2.2 

2.2 

36.2 

26.2 

Paraumbilical 

90 

2.1 

2.0 

2.0 

30.5 

51.3 

Anterior  Thighf 

91 

1.4 

1.4 

1.4 

23.8 

38.5 

Lateral  Calf*+ 

91 

1.1 

1.0 

1.1 

28.0 

56.0 

Buttocksf 

91 

1.7 

1.2 

1.5 

23.5 

53.6 

Women 

Triceps* 

84 

2.0 

2.1 

2.0 

27.4 

26.8 

Subscapularf 

83 

1.2 

1.3 

1.3 

19.8 

65.1 

Bicepst 

84 

1.3 

1.3 

1.3 

29.8 

61.4 

Midaxil laryt 

84 

1.4 

1.1 

1.3 

21.4 

53.5 

Breast*t 

83 

1.5 

1.3 

1.4 

24.3 

57.4 

Paraumbilical 

83 

1.8 

1.8 

1.8 

25.0 

56.4 

Anterior  Thigh 

83 

1.7 

2.0 

1.8 

19.7 

41.1 

Lateral  Calf* 

84 

2.0 

1.6 

1.8 

32.0 

39.3 

Buttocks 

79 

1.8 

1.7 

1.7 

23.7 

62.1 

a.  Mean  absolute  differences 

b.  Technical  error  of  measurement 

c.  Coefficient  of  reliability 

f.  Positively  skewed  distribution  at  a  =  0.05 
*.  Significant  sex  difference  in  mean  values  (P<0.05) 


The  relatively  small  differences  for  the  biceps  and  lateral  calf  skinfolds  and 
relatively  large  differences  for  the  paraumbilical  and  subscapular  skinfolds  were 
in  agreement  with  the  values  of  the  technical  errors.  The  CV,  which  take  the 
means  into  account,  were  relatively  small  for  the  lateral  calf  skinfold  and 
relatively  large  for  the  biceps  skinfold.  For  all  skinfolds,  reliability, 
determined  from  a  nested  analysis  of  variance  with  a  random  effects  model,  was  so 
high  (92.47o  to  98.9%)  that  it  was  not  desirable  to  differentiate  among  sites  on 
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this  basis.  The  means  and  SD  were  generally  about  1.0  mm  larger  for  women  than 
those  for  men.  The  largest  means  were  those  for  the  paraumbilical  skinfold,  while 
the  smallest  were  for  the  subscapular  skinfold  (observer  A)  or  the  lateral  calf 
skinfold  (observer  B) . 


TABLE  11.  Distribution  Statistics  for  Intra-Observer  Differences 
for  Skinfold  Measurements  in  Men  by  Observers. 


Ultrasound 

Site 

N 

(pairs) 

Mean^ 

(mm) 

SD 

(mm) 

TE^ 

CV 

(%) 

CR^ 

(%) 

Observer  A 

Triceps 

98 

0.8 

0.8 

0.8 

7.8 

97.2 

Sub scapular 

98 

0.8 

1.0 

0.9 

6.7 

97.2 

Biceps* 

98 

0.7 

0.9 

0.8 

17.3 

93.1 

Midaxil lary 

98 

0.8 

1.0 

0.9 

9.5 

97.8 

Paraumbilical 

97 

1.2 

1.5 

1.4 

8.4 

98.9 

Anterior  Thigh 

96 

0.9 

1.1 

1.0 

8.6 

96.4 

Lateral  Calf 

95 

0.4 

0.4 

0.4 

5.3 

98 . 8 

Observer  B 

Triceps 

89 

0.7 

1.0 

0 . 8 

7.8 

97.3 

Subscapular 

89 

1.0 

1.2 

1.1 

8.9 

96.7 

Biceps* 

89 

0.4 

0.7 

0.6 

12.7 

92.4 

Midaxillary 

89 

0.6 

0.8 

0.7 

7.2 

97.8 

Paraumbilical 

88 

1.4 

1.8 

1.6 

9.6 

97.5 

Anterior  Thigh 

87 

0.8 

1.1 

0.9 

8.4 

97.1 

Lateral  Calf 

87 

0.5 

0.6 

0.6 

6.7 

97.5 

a.  Mean  of  absolute  differences 

b.  Technical  error  of  measurement 

c.  Coefficient  of  reliability 

Significant  difference  in  mean  values  between  observers  (P<0. 05). 

The  TE  of  the  skinfold  measurements  in  the  women  tended  to  be  large  for  the 
paraumbilical  skinfold  for  each  observer  and  were  particularly  small  for  the 
subscapular  skinfold  (observer  A)  and  for  the  lateral  calf  skinfold  (observer  B) . 
The  CV  were  large  for  the  biceps  skinfold  and  small  for  the  anterior  thigh 
skinfold.  The  CR  of  the  skinfold  measurements  varied  from  88.3%  to  97. 9%  among 
sites. 
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TABLE  12.  Distribution  Statistics  for  Intra-Observer  Differences 
for  Skinfold  Measurements  in  Women  by  Observers. 


Ultrasound 

Site 

N 

(pairs) 

Mean^ 

(mm) 

SD 

(mm) 

TE^ 

CV 

(%) 

CR^ 

(%) 

Observer  A 

Triceps 

85 

1.2 

1.4 

1.3 

7.0 

96.0 

Subscapular 

84 

1.0 

1.1 

1.1 

8.3 

96.9 

Biceps 

84 

1.1 

1.3 

1.2 

15.0 

93.7 

Midaxillary 

84 

1.2 

1.4 

1.3 

11.5 

92.6 

Paraumbilical 

83 

1.7 

1.7 

1.7 

7.9 

96.6 

Anterio  Thigh 

71 

1.7 

1.4 

1.6 

6.1 

95.1 

Lateral  Calf* 

77 

1.3 

1.8 

1.5 

10.8 

88.3 

Observer  B 

Triceps 

85 

1.1 

1.0 

1.0 

5.4 

96.8 

Subscapular 

84 

1.0 

1.0 

1.0 

7.5 

97.3 

Biceps 

85 

0.8 

1.0 

0.9 

12.0 

94.5 

Midaxillary 

84 

0.9 

1.0 

1.0 

9.1 

96.5 

Paraumbilical 

84 

1.9 

1.9 

1.9 

8.2 

94.5 

Anterior  Thigh 

71 

1.5 

1.6 

1.5 

6.1 

95.5 

Lateral  Calf* 

76 

0.7 

0.8 

0.7 

4.8 

97.9 

a.  Mean  of  absolute  differences 

b.  Technical  error  of  measurement 

c.  Coefficient  of  reliability 


*.  Significant  difference  in  mean  values  between  observers  (P<0,05). 

Inter-observer  differences  for  underwater  weights  and  RV  are  presented  for  men 
and  women  in  Tables  13  and  14,  respectively.  In  each  sex,  mean  absolute 
differences,  SD,  and  CV  for  each  body  composition  measurement  were  very  small, 
while  the  CR  were  97%  or  greater. 

The  inter-observer  errors  for  the  anthropometric  variables  are  presented  in 
Tables  13  and  14  also.  For  both  men  and  women,  the  errors  for  stature,  weight, 
and  arm  and  calf  circumference  were  very  small.  The  inter-observer  CR  was  99%  or 
greater  for  each  of  these  measurements.  The  skinfolds  had  mean  inter-observer 
errors  that  ranged  from  0.8  to  1.4  mm  in  men  (SD  0.9  to  2.0  mm)  and  from  1.4  to 
2.3  mm  in  women  (SD  1.4  to  2.1  mm).  The  inter-observer  differences  were 
relatively  large  for  the  paraumbilical  skinfolds  in  each  sex  and  for  measurements 
at  the  subscapular  site  in  men.  Relatively  small  inter-observer  mean  differences 
occurred  for  the  biceps  and  midaxillary  sites  in  each  sex  and  for  the  lateral  calf 
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site  in  men.  CR  was  consistent  among  sites  for  the  skinfold  measurements.  The  CR 
of  skinfolds  at  particular  sites  ranged  from  87.7%  to  96.3%  in  the  men  with  a 
similar  range  for  the  women.  CR  was  particularly  high  for  the  midaxil lary  and 
paraumbilical  sites  and  somewhat  low  for  the  biceps  site  in  each  sex. 


TABLE  13.  Distribution  Statistics  and  Reliability  for 
Inter-Observer  Differences  in  Men. 


Variables 

N  Mean^  SD 

Tgb 

CV 

CR^ 

(pairs) 

(%) 

(%) 

Body  Composition 


Underwater  Wt+  (kg) 

94 

0.1 

0.1 

0.1 

1. 

9 

98.8 

Residual  Lung  Volume  (L) 

99 

0.1 

0.1 

0.1 

4. 

9 

97.8 

Anthropometry 

Staturet  ( cm) 

100 

0.2 

0.2 

0.2 

0. 

1 

99.8 

Weight  in  Air+  (kg) 

94 

0.0 

0.0 

0.0 

0. 

05 

100.0 

Arm  Circumferencet  (cm) 

100 

0.1 

0.1 

0.2 

0. 

4 

99.1 

Calf  Circumferencet  (cm) 

91 

0.1 

0.1 

0.1 

0. 

3 

99.9 

Skinfolds  (mm) 

Triceps*t 

91 

1.1 

1.2 

1.2 

11 

.1 

95.5 

Subscapularf 

91 

1.4 

1.7 

1.5 

12 

.8 

94.1 

Biceps*t 

91 

0.8 

1.0 

0.9 

18 

.5 

87.7 

Midaxillary*t 

91 

0.8 

1.1 

1.0 

10 

.4 

96.0 

Paraumbilical 

90 

1.8 

2.0 

1.9 

11 

.5 

96.3 

Anterior  Thigh*t 

89 

1.2 

1.4 

1.3 

11 

.0 

95.1 

Lateral  Calf*t 

89 

0.8 

0.9 

0.9 

10 

.7 

93.9 

a.  Mean  absolute  differences 

b.  Technical  error 

c.  Coefficient  of  reliability 

t.  Positively  skewed  distribution  at  a  =  0.05 
*.  Significant  sex  difference  in  mean  values  (P<0.05) 


Hypothesis  4 

Machine/Observer  Interactions.  Tests  for  the  presence  of  machine  by  observer 

interactions  were  conducted  for  the  Bioelectric  Impedance  Analyzer  and  the 

EchoScan  1502  ultrasound  machine  only.  Analyses  of  variance  were  performed  on 

machine  and  observer  differences  using  a  balanced  design  with  the  same  number  of 

observations  (N  =  8)  for  each  participant.  Each  participant  whose  data  were 

included  in  these  analyses  had  measurements  by  observer  A  and  by  observer  B  using 

machine  1  and  machine  2  and  these  measurements  were  repeated.  Analyses  of 

variance  with  a  3-factor  factorial  mixed  effects  model  was  performed.  The 
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participants  were  considered  to  contribute  a  random  effect,  and  the  observers  and 
machines  were  considered  to  contribute  fixed  effects.  There  were  no  significant 
main  effects  due  to  either  the  impedance  or  ultrasound  machines,  but  there  were 
significant  effects  due  to  observer  for  biceps,  breast,  and  buttocks  adipose 
tissue  thicknesses  measured  with  ultrasound.  Also,  there  were  significant 
machine-observer  interactions  for  ultrasonic  measurements  of  adipose  tissue 
thicknesses  at  the  midaxillary,  anterior  thigh,  and  lateral  calf  sites.  These 
results  are  presented  in  Table  15. 


TABLE  14.  Distribution  Statistics  and  Reliability  for 
Inter-Observer  Differences  in  Women. 


Variables 

N 

(pairs) 

Mean^ 

SD 

TE^ 

CV 

(%) 

CR*^ 

(%) 

Body  Composition 

Underwater  Wtf  (kg) 

84 

0.1 

0.1 

0.1 

4.00 

97.0 

Residual  Lung  Volume 

(L) 

86 

0.0 

0.0 

0.0 

4 . 10 

98.3 

Anthropometry 

Staturet  ( cm) 

86 

0.2 

0.2 

0.2 

0.1 

99 . 9 

Weight  in  Airf  (kg) 

85 

0.0 

0.0 

0.0 

0.05 

100.0 

Arm  Circumferencet  (cm) 

86 

0.1 

0.1 

0.1 

0.4 

99.9 

Calf  Circumferencef 

(cm) 

84 

0.1 

0.1 

0.1 

0.3 

99.9 

Skinfolds  (mm) 

Triceps*t 

84 

1.6 

1.4 

1.5 

8.2 

93.4 

Subscapular 

83 

1.6 

1.6 

1.6 

11.6 

93.5 

Biceps*f 

84 

1.6 

1.8 

1.7 

21.2 

85.0 

Midaxillary*t 

83 

1.4 

1.4 

1.4 

12.5 

94.7 

Paraumbilical 

83 

2.3 

2.0 

2.1 

9.4 

94.6 

Anterior  Thigh* 

70 

2.1 

2.1 

2.1 

8.3 

93.6 

Lateral  Calf*t 

76 

1.6 

1.4 

1.5 

10.1 

89.9 

a.  Mean  =  Mean  of  absolute  differences 

b.  Technical  error 

c.  Coefficient  of  reliability 

f.  Positively  skewed  distribution  at  a  =  0.05 

Significant  sex  difference  in  mean  values  (P<0.05) 


Discussion 


For  mean  absolute  intra-  and  inter-observer  differences,  SD,  and  TE,  there  are 

small  differences  between  corresponding  skinfold  caliper  and  ultrasonic 

measurements  for  men  or  women.  However,  the  relative  degree  of  difference  in 
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intra-  and  inter-observer  errors  between  these  two  methods  was  clearer  in  the 
values  for  CV  and  CR,  and  more  so  for  the  inter-  than  the  intra-observer  errors. 

For  both  intra-  and  inter-observer  errors,  the  CV  values  for  the  skinfold  caliper 
measurements  were  only  about  half  the  values  of  the  CVs  for  corresponding 
ultrasonic  measurements.  Almost  the  opposite  was  true  for  the  more  important  CR. 

In  each  sex,  the  intra-observer  CR  for  the  ultrasonic  measurements  were  about  10  to 
35  percentage  points  below  corresponding  values  for  the  skinfold  calipers,  but  for 
interobserver  CR  values  the  differences  between  corresponding  ultrasonic  and 
skinfold  caliper  measurements  increased  to  a  difference  of  30  to  60  percent.  The 
poor  inter-observer  reliability  for  the  ultrasonic  measurements  was  reflected  in 
the  frequency  of  significant  differences  between  observers  in  their  intra-observer 
differences. 


TABLE  15.  Summary  of  Findings  from  Analysis  of  Variance,  P-values 
for  the  Main  Effects  and  Interaction  Effects  of  Machine 
and  Observer. 


Ultrasound  Sites 

Machine 

Effects 

Observer 

Machine  by  Observer 

Triceps 

0.061 

0.108 

0.787 

Subscapular 

0.428 

0.86  7 

0.079 

Biceps 

0.547 

0.002** 

0.396 

Midaxillary 

0.290 

0.440 

0.032* 

Breast 

0.454 

0.001** 

0.608 

Paraumbilical 

0.254 

0.078 

0.074 

Anterior  Thigh 

0 . 239 

0.470 

0.029* 

Lateral  Calf 

0.321 

0.632 

0.012* 

Buttocks 

0.607 

0.040* 

0.113 

*  P  <  0.05;  **  P  <  0.01 


LATERALITY 

Hypothesis 

To  determine  if  there  were  lateral  differences  in  the  values  for  a  measurement 
within  individuals  or  effects  due  to  handedness,  the  following  hypothesis  was 
tested: 
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There  are  no  differences  in  the  mean  values  of  corresponding  measurements  from 
the  right  and  left  sides  of  the  body  for  bioelectric  impedance,  arm,  and  calf 
circumferences,  or  skinfold  caliper  and  ultrasonic  measures  of  subcutaneous 
adipose  tissue  thickness  at  the  triceps,  subscapiilar,  biceps,  midakillary 
paraumbilical,  anterior  thigh,  and  lateral  calf  body  sites. 

sample  and  Methods 

Sample 

The  sample  size  differed  slightly  depending  upon  the  kind  of  measurements 
taken,  in  general,  the  sample  was  a  randPmly  selected  from  the  sample  of  177 
healthy  young  adults  described  on  page  23-24.  All  these  participants  were 
questioned  about  handedness  with  reference  to  strenuous  physical  activity.  The 
anthropometric  and  ultrasonic  measurements  were  recorded  from  both  the  right  and 
left  sides  of  the  body  in  samples  of  50  randomly  selected  participants  for  the 
anthropometric  measurements  and  of  42  participants  for  the  ultrasonic  measure¬ 
ments.  Thirty-four  participants  Were  randomly  selected  for  both  right  and  left 
side  measttres  Of  bioelectric  resistance.  Since  these  participants  were  a  randomly 
selected  subsample  of  the  sample  described  on  pages  23-24,  descriptive  statistics 
will  not  be  presented. 

Methods 

The  methods  used  to  collect  the  anthropometric,  ultrasonic  and  bioelectric 
resistance  data  from  the  left  side  of  the  body  were  the  same  aS  those  used  to 
collect  corresponding  measurements  from  the  right  side  Of  the  bOdy.  The  methods 
are  described  in  Appendix  B.  All  measures  were  takeh  by  two  observers  Working 
independently. 

Results  and  Discussion 

Results 

Eighty-four  percent  of  the  participants  Were  right-handed  (80  men,  68  women), 
12%  were  left-handed  (7  men,  15  women)  and  4%  were  ambidextrous  (6  men,  1  woman) . 
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Because  so  few  participants  were  left-handed  or  ambidextrous,  the  analysis  was 
restricted  to  the  right-handed  group.  The  possibility  that  there  might  be  an 
effect  due  to  handedness  was  tested  in  right-handed  participants  combining  data  for 
the  two  sexes  using  a  paired  t-test.  The  only  lateral  difference  affected  by 
handedness  was  the  biceps  skinfold  thickness  which  was  significantly  smaller  on  the 
right  than  on  the  left  in  right-handed  participants,  regardless  of  the  observer. 
However,  there  were  some  observer  effects,  with  significant  positive  differences 
(right  >  left)  for  arm  circumference  and  triceps  (observer  A) ;  paraumbilical  and 
lateral  calf  skinfolds  (observer  B)  and  significant  negative  effects  (right  < 
left)  for  triceps  (observer  A)  and  anterior  thigh  skinfolds  (observer  B) ,  and  for 
midaxillary  (observer  A)  and  anterior  thigh  (observer  B)  ultrasonic  measurements. 
Except  for  biceps  skinfold  values,  there  were  no  significant  lateral  differences 
associated  with  handedness  for  the  measurements  recorded. 

Discussion 

Since  the  results  of  paired  t-tests  for  corresponding  right  and  left 
measurements  were  not  different  from  zero,  it  was  concluded  that  significant 
lateral  effects  were  absent  in  the  group  tested.  Also,  there  were  no  effects  due 
to  handedness  except  for  the  biceps  skinfold,  which  was  smaller  on  the  right  side 
in  right-handed  participants. 

SUMMARY  AND  IMPLICATIONS  FOR  USE  OF  NEW  EQUIPMENT 
Bioelectric  Impedance  Analyzer 

The  intra-machine  errors  were  extremely  small  with  mean  absolute  differences 
accounting  for  only  about  0.27o  of  the  observed  mean  values  for  individuals. 

Similar  high  intra-machine  reliability  has  been  reported  by  others  (113).  The 
intra-machine  differences  also  showed  excellent  results  with  CR  estimates  of  99.5% 
or  more  for  each  of  two  observers.  An  analysis  of  variance  did  not  show 
significant  main  effects  of  machine  or  a  significant  machine  by  machine 
interaction.  The  intra-  and  inter-observer  differences  were  also  very  small, 
accounting  for  about  0.2%  and  1.2%  of  the  observed  mean  values  for  individuals. 

The  CR  for  both  types  of  error  was  excellent  at  98%  or  higher.  These  results  are 
in  general  agreement  with  similar  tests  of  CR  of  the  Bioelectrical  Impedance 
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Analyzer  reported  for  smaller  samples  with  less  complete  sets  of  data 
(99,110-113,124). 

EchoScan  1502  Ultrasound  Equipment 

The  measurement  of  subcutaneous  adipose  tissue  thickness  with  ultrasonic 
equipment  has  considerable  appeal  because  this  method  avoids  the  errors  caused  by 
individual  differences  in  the  compressibility  of  subcutaneous  adipose  tissue  (84). 
The  use  of  other  portable  ultrasound  equipment  has  not  been  satisfactory  because  of 
poor  reliability  and  limited  accuracy  (82,83).  The  EchoScan  1502  records  to  0.1 
mm,  but  in  the  present  analyses  intra-observer  reliability  was  considerably  less 
than  that  of  skinfold  calipers.  In  comparison  with  skinfold  calipers,  the 
inter-observer  CR  was  even  worse.  The  present  observers  have  previous  experience 
with  similar  ultrasonic  equipment  and  took  great  care  to  obtain  the  best  possible 
data  with  the  EchoScan  equipment. 

Anthropometry 

The  intra-  and  inter-observer  errors  for  each  of  the  anthropometric  variables 
were  small  and  the  CR  was  high.  These  findings  are  consistent  with  reports  of 
reliability  from  other  studies  by  the  same  personnel  with  participants  ranging  in 
age  from  childhood  to  old  age  (30,118,125,126).  These  replicability  data  are 
better  than  those  reported  for  corresponding  measurements  by  others  (127-133). 

Lateral  Differences 

There  were  no  significant  lateral  differences  that  would  affect  the  bioelectric 
impedance,  the  ultrasonic,  or  the  anthropometric  data.  The  only  consistent 
difference  was  a  smaller  biceps  skinfold  thickness  on  the  right  side  in 
right-handed  participants.  Other  right-left  differences  or  effects  of  handedness 
were  due  to  differences  between  observers. 
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Suinmary 

Findings  from  the  present  study  show  that  the  Bioelectric  Impedance  Analyzer 
is  a  very  reliable  instrument  with  small  observer  errors.  However,  the  EchoScan 
1502  ultrasound  equipment  is  not  reliable  even  in  the  hands  of  trained  and 
experienced  technicians. 
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VALIDITY  OF  BIOELECTRIC  IMPEDANCE 

RATIONALE 

The  Bioelectric  Impedance  Analyzer  is  accurate  and  reliable,  but  an 
important  question  is  its  validity  in  estimating  body  composition  variables.  As 
stated  earlier,  impedance  (Z)  is  directly  proportional  to  the  length  of  the  con¬ 
ductor  and  inversely  proportional  to  its  cross-sectional  area  (Z  =  Length/Area) . 
Also,  the  volume  (V)  of  a  conductor  is  equal  to  its  length  times  its  cross-sec¬ 
tional  area  (V  =  Length  x  Area).  Substitution  of  the  latter  in  the  formula,  Z  = 

2  2 

Length/ Area  for  A,  changes  the  formula  to  Z  =  Length  /V  or  V  =  Length  /Z;  the 
volume  of  a  conductor  is  equal  to  its  length  squared  divided  by  impedance.  In 
biological  terms,  this  would  mean  that  the  volume  of  lean  body  mass  is  approx¬ 
imately  equal  to  stature  squared  divided  by  the  value  of  bioelectric  impedance. 

As  noted  previously,  impedance  is  equal  to  the  square  root  of  the  sum  of  the 
squares  of  resistance  and  reactance.  In  the  present  study,  only  bioelectric 
resistance  was  measured  because  the  reactance  of  the  human  body  is  small,  and  the 
value  of  bioelectric  resistance  is  highly  correlated  with  bioelectric  impedance 
(102). 

The  validity  of  bioelectric  impedance  will  be  tested  by  comparing 
2 

measurements  of  stature  /resistance  against  estimates  of  body  composition 
determined  from  underwater  weighing.  Underwater  weighing  is  the  reference  method 
against  which  all  techniques  of  measuring  body  composition  are  compared.  If 

bioelectric  impedance  is  a  valid  method  of  estimating  body  composition,  then 

'■  2  ' 

stature  /resistance  will  be  highly  correlated  with  measures  of  fat-free  mass  and 
total  and  percent  body  fat  determined  from  underwater  weighing.  Also,  bio¬ 
electric  impedance  measures  may  significantly  improve  the  prediction  of  body 
composition  variables  from  anthropometric  data.  Because  of  known  differences  in 
body  composition  between  men  and  women  and  between  blacks  and  whites,  tests  of 
validity  were  conducted  separately  in  each  group. 

VALIDATION 

Hypotheses 

The  validity  of  bioelectric  impedance  was  tested  with  the  following 
hypotheses : 


41 


1.  Bioelectric  resistance  is  not  associated  with  stature,  stature  ,  weight, 
upper  arm  circumference  or  calf  circumference. 

2.  Bioelectric  resistance  used  in  combination  with  some  or  all  of  the 

'  2 

following  anthropometric  variables,  including  stature,  stature  ,  weight, 
upper  arm  circumference,  and  calf  circumference  is  not  significantly 
correlated  with  BD,  FFM,  or  TBF  and  %BF  as  determined  by  underwater 
weighing. 

Samples  and  Methods 

Sample 

This  sample  consisted  of  the  177  healthy  young  adults  who  each  participated 
in  measures  of  underwater  weighing,  anthropometry,  residual  volume,  and 
bioelectric  resistance.  Within  this  sample  were  78  white  men,  15  black  men,  75 
white  women,  and  9  black  women.  A  complete  description  of  this  sample  is 
presented  on  page  23. 

Methods 

A  complete  description  of  the  methods  is  presented  on  pages  17-19  and  in 
Appendix  B.  Briefly,  ten  underwater  weighings  were  recorded  for  each  participant 
by  each  of  two  observers  working  independently.  RV  was  measured  on  land  to  the 
nearest  0.1  L  by  a  nitrogen  washout  method.  The  following  anthropometric  vari¬ 
ables  were  recorded  once  by  each  of  two  observers  independently:  stature, 
weight,  and  arm  and  calf  circumferences.  The  following  skinfo Ids  were  recorded 
twice  by  each  of  two  observers  independently:  triceps,  biceps,  subscapular, 
midaxillary,  paraumbilical,  anterior  thigh,  and  lateral  calf.  Bioelectric 
resistance  was  measured  with  an  RJL  Systems  Model  BIA-101  Analyzer  as  described 
on  page  16  and  in  Appendix  B.  Bioelectric  resistance  was  measured  twice  on  the 
right  side  of  the  body  of  each  participant  by  each  of  two  observers  working 
independently.  All  measurements  were  collected  from  each  participant  on  the  same 
day. 
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Results  and  Discussion 


Results 

Descriptive  statistics  for  the  underwater  weighing,  RV,  anthropometry,  and 
bioelectric  impedance  testing  are  presented  in  Appendix  D.  Briefly,  the  men 
were,  on  the  average,  taller,  heavier,  and  had  greater  BD,  FFM,  RV,  and  body 
circumference  values  than  the  women.  The  women  had  greater  amounts  of  TBF  and 
%BF,  thicker  subcutaneous  adipose  tissue,  and  larger  bioelectric  resistance 
values  than  the  men.  Mean  values  of  stature  and  weight  for  these  men  and  women 
are  greater  than  those  recorded  in  recent  U.S.  Army  anthropometric  surveys  (96). 

Hypothesis  1 

The  results  for  the  test  of  Hypothesis  1  are  presented  in  Table  16.  The 

2 

correlation  coefficients  for  stature  have  been  omitted  from  this  table  because 
they  were  identical  to  those  for  stature.  Except  for  stature,  the  correlation 
coefficients  are  all  negative  and  highly  significant.  The  lack  of  significance 
for  some  variables  in  the  black  women  reflects  the  small  sample  size. 


TABLE  16.  Correlations  Between  Bioelectric  Resistance 
and  Anthropometric  Variables. 


Group 

N 

Stature 

Weight 

Arm  Circ. 

Calf  Circ. 

White  Men 

78 

0.16 

-0.56** 

-0.68** 

-0.59** 

Black  Men 

15 

-0.15 

-0.72** 

-0.70** 

-0 . 86** 

White  Women 

75 

0.08 

-0.58** 

-0.62** 

-0.60** 

Black  Women 

7 

0.0 

-0.29 

-0.38 

-0.82* 

*  0.01  <  P  <  0.05;  **  P  <  0.01 


Hypothesis  2 

2 

For  Hypothesis  2,  regression  equations  were  formulated  using  stature  / 

resistance  as  a  forced  regressor  and  stature,  weight,  upper  arm  circumference, 

calf  circumference,  and  age  as  potential  regressors  to  predict  body  composition 
.  .  2  . 

variables.  Maximum  R  improvement  methods  (14)  were  applied  to  the  observed  data 
to  select  the  best  predictive  model. 
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As  a  preliminary  step,  BD  was  correlated  with  stature  /resistance,  stature, 

weight  in  air,  arm  and  calf  circumference,  and  age  in  blacks  and  whites  combined 

2 

as  shown  in  Table  17.  Correlations  were  not  calculated  between  BD  and  stature 

because  the  coefficients  would  necessarily  be  the  same  as  those  between  BD  and 

2 

stature.  The  correlations  with  stature  /resistance,  stature,  and  age  were  not 
significant,  but  all  the  other  correlations  had  significant  negative  values. 

TABLE  17.  Correlations  Between  Body  Density  and  Stature^/Resistance, 
Stature,  Weight  in  Air,  Arm  Circumference,  Calf 


Circumference, 

and  Age  for 

Blacks 

and  Whites 

Combined. 

Body  Density 

Variables 

Men 

Women 

N 

r 

N 

r 

Stature^ /Resistance  (cm^/ohm) 

94 

-0.18 

82 

-0 . 04 

Stature  (cm) 

94 

-0.13 

83 

0.18 

Weight  in  air  (kg) 

94 

-0.61* 

83 

-0.57* 

Arm  Circumference  (cm) 

94 

-0.50* 

83 

-0.65* 

Calf  Circumference  (cm) 

94 

-0.56* 

84 

-0.59* 

Age  (years) 

94 

-0.10 

84 

-0.14 

*  P  <  0.05 


2 

The  best  models  for  predicting  BD,  %BF,  TBF,  or  FFM,  excluding  stature  / 

resistance,  for  men  and  women  were  selected  by  a  stepwise  regression  procedure  and 
2 

by  maximum  R  regressions.  The  results  were  almost  identical  between  the 

2 

stepwise  and  maximum  R  regression  procedures;  therefore,  only  the  latter  are 

reported  in  Table  18.  The  anthropometric  variables  retained  were  the  same  for 

all  four  regressions  for  men  (stature,  weight,  arm  circumference).  The 

2 

regressions  to  predict  BD  or  %BF  had  adjusted  R  values  of  0.40.  The  same 

■  ■  2 

variables  were  also  used  to  predict  TBF,  and  the  adjusted  R  value  was  0.63.  The 

2 

equation  to  estimate  FFM  had  an  adjusted  R  value  of  0.73  and  a  RMSE  of  3.94  kg 
that  was  necessarily  equivalent  to  that  for  TBF. 

Sets  of  corresponding  regression  analyses  that  predicted  BD,  %BF,  TBF,  or 

2  . 

FFM  were  computed  for  women,  without  including  stature  /resistance  as  an 

independent  variable.  The  independent  variables  retained  for  the  prediction  of 

2  . 

%BF  and  BD  were  calf  circumference  and  stature  .  The  regression  equation  to 

2 

predict  TBF  retained  weight  and  stature  as  independent  variables,  and  the 
2 

adjusted  R  value  was  0.74.  When  a  similar  analysis  was  made  with  FFM  as  the 
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dependent  variable,  the  independent  variables  retained  were  weight  and  stature 

2 

only  with  an  adjusted  R  value  of  0.60.  These  results  are  presented  in  Table  18. 


TABLE  18.  Adjusted  and  Root  Mean  Squared  Error  (RMSE)  for  the 

Prediction  of  Body  Composition  Variables  from  Anthropometry 
in  Men  and  Women  for  Blacks  and  Whites  Combined. 


Dependent  Variable 

N 

Adjusted  R^ 

RMSE 

Men 

Body  Density 

93 

0.40 

0.011  gm/cm 

Percent  Body  Fat 

93 

0.40 

4.90  % 

Total  Body  Fat 

93 

0.63 

3.94  kg 

Fat  Free  Mass 

93 

0.73 

3.94  kg 

Women 

Body  Density 

80 

0.48 

3 

0.011  gm/cm 

Percent  Body  Fat 

80 

0.49 

5.00  % 

Total  Body  Fat 

80 

0.74 

3.30  kg 

Fat  Free  Mass 

80 

0.60 

3.30  kg 

2 

When  Stature  /resistance  was  included  in  the  regressions  for  predicting  BD, 

%BF,  TBF,  or  FFM,  the  selection  and  order  of  the  independent  variables  was  changed 

2 

for  men  and  women.  BD  in  men  was  predicted  from  stature  /resistance,  weight,  and 

2 

calf  circumference  with  an  adjusted  R  value  of  0.60.  For  the  prediction  of  TBF 

2 

or  FFM,  the  same  independent  variables  were  retained  with  adjusted  R  values  of 
0.76  and  0.83,  respectively.  These  results  are  presented  in  Table  19. 

2 

When  corresponding  regression  analyses  that  included  stature  /resistance  as 
an  independent  variable  were  performed  for  women,  the  order  in  which  the  inde¬ 
pendent  variables  entered  was  the  same  for  BD  as  for  %BF.  These  variables  were 

2 

weight,  calf  and  arm  circumferences,  and  age.  The  adjusted  R  value  was  0.68  for 

BD  and  0.69  for  %BF  (Table  19).  In  the  regression  equations  with  TBF  or  FFM  as 

the  dependent  variable,  the  same  independent  variables  were  retained  for  each. 

Stature  entered  into  the  model  as  the  third  variable  in  the  prediction  of  TBF  and 

as  the  second  variable  in  the  prediction  of  FFM.  In  each  case,  stature  was 

subsequently  removed  from  the  model  based  on  the  results  of  partial  F-tests.  The 

2 

multiple  regression  equation  for  TBF  had  an  adjusted  R  value  of  0.84,  while  that 

2 

for  FFM  had  an  adjusted  R  value  of  0.75.  Specific  equations  for  the 
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2 

prediction  of  FFM,  %BF,  or  TBF  from  anthropometry  and  stature  /resistance  are  in 
Appendix  C. 

TABLE  19.  Adjusted  and  Root  Mean  Squared  Error  (RMSE)  for 
the  Prediction  of  Body  Composition  Variables  from 
Anthropometry  and  Stature^ /Resistance  in  Men  and  Women 
for  Blacks  and  Whites  Combined. 


Dependent  Variable 

N 

Adjusted  R^ 

RMSE 

Men 

Body  Density 

93 

0.60 

0.009 

gm/cm 

Percent  Body  Fat 

93 

0.60 

o 

o 

% 

Total  Body  Fat 

93 

0.76 

3.14 

kg 

Fat  Free  Mass 

93 

0.83 

3.14 

kg 

Women 

Body  Density 

79 

0.68 

0.008 

gm/cm 

Percent  Body  Fat 

79 

0.69 

3.90 

% 

Total  Body  Fat 

79 

0.84 

2.61 

kg 

Fat  Free  Mass 

79 

0.75 

2.61 

leg 

Discussion 

The  first  step  in  analyzing  the  validity  of  the  bioelectric  resistance 

measurements  is  to  determine  if  its  relationship  to  anthropometric  variables  was 

similar  to  that  reported  for  body  density.  The  anthropometric  variables  selected 

(weight,  and  arm  and  calf  circumferences)  are  negatively  correlated  with  body 

density  and  positively  correlated  with  %BF  and  TBF  in  adults  (9,18,127,134-135). 

2 

A  similar  relationship  between  stature  /resistance  and  weight,  arm  circumfer¬ 
ence,  and  calf  circumference  is  confirmed  in  the  present  study  within  race  and 
sex-specific  groups. 

More  direct  tests  of  the  validity  of  bioelectric  resistance  measurements 

2 

were  made  by  relating  combinations  of  ’’stature  /resistance  plus  anthropometric 

variables”  to  BD,  %BF,  TBF,  or  FFM  from  underwater  weighing.  The  best  equations 

2 

for  men  were  those  including  stature  /resistance,  weight,  and  calf  circumfer- 

3 

ence.  The  RMSE  values  were  0.009  gm/cm  for  BD,  4.002%  for  %BF,  and  3.143  kg  for 

TBB’  and  for  FFM.  The  analyses  for  women  indicated  that  the  best  equations 

2  '  ' 

included  stature  /resistance,  weight,  calf  circumference,  and  age.  The  RMSE 

values  were  0.008  gra/cm^  for  BD,  3.893%  for  %BF,  and  2.612  kg  for  TBF  and  FFM 
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in  women.  These  BIMSE  values  were  similar  to  those  when  the  best  combinations  of 
2 

stature  /resistance  and  skinfolds  were  used. 

These  findings  can  be  compared  with  the  SEE  of  5.08%  and  3.06%  reported  for 

estimates  of  %BF  in  a  group  of  somewhat  obese  adults,  aged  17-59  years  (68).  The 

larger  value  was  obtained  when  the  equation  of  the  manufacturer,  RJL  Systems,  was 

applied,  and  the  smaller  was  obtained  with  a  study-specific  equation  using 
2 

stature  /resistance  as  the  independent  variable.  A  value  of  6.047o  for  the  SEE  of 

2 

%BF  in  lean  young  men,  using  stature  /resistance  and  the  regression  formula 

provided  by  the  manufacturer  has  also  been  reported  (124).  Others  (113),  have 

2 

reported  a  SEE  for  FFM  of  4.43  kg  when  stature  /resistance  was  used  to  predict 

FFM  employing  the  equation  supplied  by  the  manufacturer.  In  the  same  study  (113), 

an  equation  that  included  weight  was  derived,  and  the  SEE  for  FFM  decreased  to 

3.06  kg.  Lukaski  et  al.  (99)  reported  a  value  of  2.61  kg  for  the  SEE  of  fat-free 

2 

mass  using  their  own  regression  equation  that  employed  stature  /resistance  as  the 
independent  variable.  When  this  equation  was  applied  to  a  different  sample,  a 
SEE  of  3.06  kg  was  obtained  for  TBF  (124).  In  each  of  these  studies,  the 
’’direcf*  measures  of  body  composition  were  obtained  from  underwater  weighing, 
except  that  of  Lukaski  et  al.  (99),  who  employed  TBW  from  deuterium  oxide  D^O. 

This  approach  to  the  validation  of  bioelectric  impedance  as  an  index  of  body 
composition  is  based  on  the  assumptions  that  BD  can  be  measured  without  error  by 
underwater  weighing  and  that  Siri's  equation  (20)  accurately  estimates  %BF  from 
BD  after  which  TBF  and  FFM  can  be  calculated  mathematically.  The  accuracy  of 
measurement  of  BD  depends  almost  entirely  on  the  measurement  of  underwater  weight 
and  of  RV.  There  is  convincing  evidence  that  underwater  weighing  is  highly 
reliable  (20-21,  28-30,  32-36,  128,  136),  as  was  the  case  in  the  present  study 
where  the  inter- observer  differences  were  very  small  and  the  reliability  high 
(men  98.8%;  women  97.0%).  RV  measurements  are  also  highly  reliable  (137).  In 
the  present  study,  the  reliability  of  RV  was  about  98%  for  men  and  women.  How¬ 
ever,  if  the  measurement  of  BD  were  completely  free  of  error,  the  prediction  of 
%BF  from  BD  would  still  have  an  error  of  about  +  2.57o  because  the  equations  used 
are  far  from  ideal  (13).  Siri's  equation  (20)  to  predict  %BF  from  BD  yields 
results  similar  to  those  from  use  of  the  equation  of  Brozek  et  al.  (21)  except  at 
low  BD  values  (implying  high  values  for  %BF)  where  Lehman  (13)  has  demonstrated 
that  predictions  from  Siri's  equation  are  higher  than  those  from  the  Brozek 
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equation.  These  equations  are  appropriate  for  healthy  young  white  men  (138),  but 
they  are  inappropriate  for  groups  in  which  FFM  is  more  dense  than  the  value 
assumed  by  Siri  (20).  This  occurs  in  black  men  and  leads  to  underestimation  of 
%BF  (22).  An  opposite  tendency  (less  dense  FFM;  overestimation  of  %BF)  occurs  in 
women  (139);  and  a  separate  equation  for  women  has  been  developed  (23,139). 

Summary 

Estimates  of  %BF  from  underwater  weighing  have  an  SEE  of  about  2.5%  (13). 

When  values  from  underwater  weighing  are  used  as  criteria,  2.5%  becomes  the 

irreducible  minimum  for  the  errors  of  estimation.  Consequently,  the  finding  that 

2  .  . 

the  RMSE  of  the  estimate  of  %BF  from  stature  /resistance  plus  simple  anthropom¬ 
etry  is  4.00%  for  men  and  3.90%  for  women  is  a  good  result.  The  general  conclu- 

2 

sion  is  that  stature  /resistance  plus  anthropometry  provides  a  more  accurate 
estimate  of  body  composition  than  anthropometry  alone.  This  is  supported  by 
published  reports  (10,  68,  140,  141). 

RACIAL  DIFFERENCES 

Hypotheses 

The  possibility  of  racial  differences  in  measures  of  bioelectric  impedance 
was  tested  with  the  following  hypothesis: 

The  differences  between  predictions  of  body  composition  from  bioelectric 
impedance  and  anthropometry  and  from  underwater  weighing  do  not  differ 
systematically  between  whites  and  blacks. 

Sample  and  Methods 

Sample 

The  sample  consisted  of  the  177  healthy  young  adults  who  each  participated 
in  measures  of  underwater  weighing,  anthropometry,  residual  volume,  and 
bioelectric  resistance  described  on  pages  23-24.  Within  this  sample,  there  were 
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78  white  men,  15  black  men,  75  white  women  and  9  black  women.  Blacks  comprised 
14.3%  of  the  total  sample. 

Methods 

The  methods  are  the  same  as  those  used  for  this  sample  of  participants  in 
the  validation  study.  A  complete  description  of  these  methods  is  presented  on 
pages  16-17  and  in  Appendix  B.  Briefly,  underwater  weight,  RV,  bioelectric 
resistance,  and  the  following  anthropometric  data  were  obtained  from  each  partici¬ 
pant:  stature,  weight,  arm  and  calf  circumferences,  and  triceps,  biceps,  subscap¬ 
ular,  midaxillary,  paraumbilical,  anterior  thigh,  and  lateral  calf  skinfolds. 

All  measurements  were  collected  from  each  participant  on  the  same  day. 

Results  and  Discussion 

Results 

Racial  differences  were  tested  within  each  sex  using  the  best  combinations 
2 

of  stature  /resistance  and  anthropometry  from  the  stepwise  regressions  selected 
in  the  validation  study.  These  prediction  equations  were  influenced  to  a  greater 
extent  by  the  inter-relationships  among  the  variables  in  the  white  participants 
than  in  the  black  participants  because  blacks  comprised  only  14%  of  the  sample. 
Therefore,  one  might  expect  differences  between  corresponding  body  composition 
variables  (underwater  weighing  vs  prediction  equations)  to  be  larger  for  black 
participants  than  for  white  participants. 

In  the  men,  mean  differences  in  corresponding  values  of  BD  and  FFM  predicted 
2 

from  stature  /resistance  plus  anthropometry  and  from  underwater  weighing  were 
significantly  larger  for  blacks  than  whites  (Table  20).  For  %BF  and  TBF,  these 
differences  were  reversed,  with  blacks  having  smaller  mean  differences  than 
whites . 

Corresponding  differences  for  women  were  not  tested  for  significance  because 
there  were  so  few  black  women  in  the  sample.  The  directions  of  the  differences 
for  the  women  were  opposite  those  for  the  men,  and  the  differences  in  mean  values 
were  smaller  than  those  for  the  men. 
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TABLE  20. 


Mean  Differences  Between  Corresponding  Body  Composition  Variables 
in  Whites  and  Blacks  Predicted  from  Stature^ /Resistance  plus 
Anthropometry  and  from  Underwater  Weighing. 


Groups 

BD 

Mean  Differences+ 
%BF 

TBF 

FFM 

gm/cm^ 

% 

leg 

kg 

Men 

Whites 

- 0 . 0010* 

0.47** 

0.41** 

-0.41** 

Blacks 

0.0054* 

-2.42** 

-2 . 15** 

2.15** 

Women 

Whites 

0.0003 

o 

i 

-0.04 

-0.68 

Blacks 

-0.0039 

1.73 

0.50 

0.56 

*  0.01  <  P  <  0.05 

**  P  <  0.01 

4-  Significance  Calculated  as  White  versus  Black 


Discussion 

Comparisons  have  been  made  between  blacks  and  whites  in  mean  differences 

2  . 

between  body  composition  predictions  from  stature  /resistance  plus  anthropom¬ 
etry  and  estimates  from  underwater  weighing.  The  present  findings  show  that  pre- 

2 

dictions  of  body  composition  variables  from  stature  /resistance  plus  anthropom¬ 
etry  for  black  men  will  be  altered  to  make  the  mean  estimates  equivalent  to  the 
values  from  underwater  weighing.  This  implies  separate  regression  equations  for 
blacks  and  for  whites  are  necessary.  It  is  expected  that  the  RMSE  for  these  equa¬ 
tions  would  be  smaller  than  those  for  the  present  equations.  Corresponding  find¬ 
ings  for  the  women  showed  smaller  differences  with  opposite  signs  between  blacks 
and  whites,  but  the  small  number  of  black  women  did  not  provide  robust  statistical 
tests. 

SUMMARY 

Contrasts  of  the  mean  differences  between  body  composition  estimates  derived 
from  bioelectric  impedance  and  those  derived  from  BD  indicate  that  the  equations 
derived  in  this  study  are  less  accurate  (relative  to  BD)  for  black  men  than  for 
white  men.  Sample  sizes  were  too  small  to  test  the  accuracy  for  black  women,  but 
similar  results  would  be  anticipated.  It  is  recommended  that  separate  predictive 
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equations  be  derived  for  black  men  and  women,  and  that  bioelectric  impedance  be 
validated  on  other  racial/ethnic  groups. 
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EFFECTS  OF  PHYSIOLOGICAL  FACTORS 

RATIONALE 

Body  composition  is  affected  by  physiological  factors,  and  these  factors 
could  also  affect  measures  of  bioelectric  impedance.  Normal  day-to-day  fluctua¬ 
tions  or  differences  between  individuals  in  physiological  variables  do  not  produce 
significant  changes  in  body  composition,  but  they  could  produce  changes  in 
measures  of  bioelectric  impedance  that  might  affect  its  reliability  and  validity. 
For  example,  it  is  possible  that  diurnal  variations  in  levels  of  hydration  and 
electrolyte  concentrations  could  affect  the  conductivity  of  the  body,  thus 
significantly  altering  bioelectric  resistance  values.  Diet  and  exercise  may  also 
affect  measures  of  bioelectric  resistance.  If  the  level  of  food  and  drink  or  the 
level  of  exercise  were  sufficiently  large  or  occurred  close  to  the  time  of 
examination,  then  changes  in  the  level  of  body  hydration,  electrolyte  balance, 
and  mass  could  alter  the  conductivity  of  the  body.  In  addition,  the  use  of 
pharmacological  agents  and  the  timing  of  the  menstrual  cycle  in  women  could 
produce  spurious  readings  in  measures  of  bioelectric  resistance. 

In  order  to  test  for  any  possible  physiological  effects  on  bioelectric 
impedance,  three  tests  were  designed.  The  first  looked  for  the  occurrence  of 
diurnal  variation  in  repeated  measures  of  resistance.  The  second  tested  for 
possible  effects  of  diet  or  exercise,  and  the  third  documented  changes  in 
bioelectric  resistance  during  the  menstrual  cycle  of  women  who  were  taking  oral 
contraceptives  and  in  women  who  were  not  taking  oral  contraceptives. 

DIURNAL  VARIATION 

Hypothesis 

The  following  hypothesis  was  used  to  test  for  diurnal  variation  in  relation 
to  bioelectric  resistance  measurements: 

There  is  no  diurnal  variation  in  bioelectric  resistance  measures  recorded 

during  the  daytime. 
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Sample  and  Methods 


Sample 

This  sample  consisted  of  a  separate  group  of  four  healthy  young  adults  (two 
white  men;  two  white  women).  The  ages,  statures  and  weights  of  these  participants 
are  presented  in  Table  21. 

TABLE  21.  Ages,  Statures,  and  Weights  of  the  Diurnal  Variation  Sample. 

Age  Stature  Weight 


Men 


in 

23.9 

years 

175.7 

cm 

78.9 

kg 

n 

21.9 

years 

185.7 

cm 

58.3 

kg 

Women 

n 

20.4 

years 

168.4 

cm 

53.6 

kg 

24.5 

years 

152.4 

cm 

49.7 

kg 

Methods 

Nine  measures  of  bioelectric  resistance  were  recorded  during  a  single  day 
from  each  participant  on  the  hour,  starting  at  0900  hours.  Resistance  was 
measured  once  by  a  single  observer  on  the  right  side  of  each  participant.  The 
body  locations  for  the  attachment  of  the  electrodes  were  the  same  as  those 
described  on  page  16  and  in  Appendix  B.  During  each  resistance  measurement,  the 
arms  rested  by  the  sides  of  the  participant’s  body  and  the  medial  malleoli  were 
25  cm  apart.  Each  participant  wore  jeans. 

During  the  one- hour  intervals  between  the  repeated  resistance  measurements, 
participants  were  free  to  come  and  go  as  they  wished.  Over  the  8-hour  period  of 
data  collection,  each  participant  kept  a  record  of  the  times  and  amounts  of  all 
food  and  drink  consumed  and  of  body  eliminations. 

Results  and  Discussion 

Data  were  collected  from  two  men  and  two  women  at  each  hour  from  0900  to 
1700  hours  (Figure  2,  page  55).  A  linear  regression  model  was  used  to  relate  the 
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resistance  values  to  time  of  day  for  each  participant,  using  the  means  of  two 
observations  for  each  resistance  value.  These  results  are  presented  in  Table 
22.  As  expected,  the  intercepts  differed  significantly  from  zero,  but  the  slopes 
did  not  differ  significantly  from  zero.  The  test  for  autocorrelation  was 
non-signif icant ;  consequently,  there  was  no  need  for  a  non-linear  model.  These 
results  indicate  that  diurnal  variation  does  not  affect  measures  of  bioelectric 
impedance . 

TABLE  22.  Test  for  Diurnal  Variation  in  the  Serial  Resistance  Data: 

Regression  of  Resistance  Versus  Time  of  Day  Within  Participant. 

t  Statistics 


Participant 
Nos . 

Independent 

Variable 

Regression 

Coefficients 

for 

HO: Coefficient 
=0 

P 

Value 

Auto¬ 

correlation 

1 

Intercept 

607.22 

84.27 

< 

0.001 

Time  of  Day 

-2.27 

-1.77 

0.120 

NS^ 

2 

Intercept 

572.83 

110.47 

< 

0.001 

Time  of  Day 

-  0 . 30 

-0 . 33 

0.754 

NS^ 

3 

Intercept 

613.78 

111.88 

< 

0.001 

Time  of  Day 

2.13 

2.19 

0.065 

NS^ 

4 

Intercept 

472.00 

61.17 

< 

0.001 

Time  of  Day 

-0.73 

-0.54 

0.609 

NS^ 

NS  =  Nonsignificant  at  a  =  0.05;  Durbin-Watson  Test 

A  similar  analysis  was  made  of  the  cross-sectional  bioelectric  resistance 
data  from  the  larger  sample  of  the  177  participants  described  earlier  on  pages 
23-24  in  relation  to  the  time  of  day  at  which  these  data  were  collected.  Within 
each  sex,  the  intercepts  were  significantly  different  from  zero,  but  the  slopes 
did  not  differ  from  zero  which  indicated  the  absence  of  any  effect  of  the  time  of 
day  on  the  measure  of  bioelectric  resistance.  These  results  are  presented  in 
Table  23. 
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TABLE  23,  Test  for  Diurnal  Variation  in  the  Cross-Sectional  Resistance  Data. 
Regression  of  Resistance  Versus  Time  of  Day  by  Sex. 


Sex 

Independent 

Variable 

Regression 

Coefficient 

t  Statistics 
for 

HO; Coefficient 
=0 

P 

Value 

Men 

Intercept 

493.80 

17.15 

<  0.001 

(N=82) 

Time  of  Day 

-3.16 

-1.21 

0.230 

Women 

Intercept 

611.33 

14.84 

<  0.001 

(N=82) 

Time  of  Day 

-3.57 

-0.99 

0.323 

Summary 

Analyses  of  both  serial  and  cross-sectional  data  failed  to  demonstrate 
significant  diurnal  effects  on  bioelectric  resistance  measurements  made  during 
daytime  hours  (0900-1700).  Thus,  the  bioelectric  impedance  method  of  measuring 
body  composition  may  be  used  at  any  time  of  day,  within  the  time  range  tested, 
without  compromising  its  validity. 

DIET  AND  EXERCISE  EFFECTS 

Hypothesis 

The  following  hypothesis  was  used  to  test  for  the  effects  of  exercise  or 
diet  on  measures  of  bioelectric  resistance: 

2 

Predictions  of  body  composition  from  stature  /resistance  and  anthropometric 
data  and/or  the  differences  between  these  predictions  and  estimates  from 
underwater  weighing  were  not  affected  by  diet  and/or  exercise. 

Sample  and  Methods 

Sample 

This  sample  consisted  of  the  177  participants  who  each  participated  in 
measures  of  underwater  weighing,  anthropometry,  residual  volume,  and  bioelectric 
resistance.  A  complete  description  of  this  sample  is  presented  on  pages  22-23. 
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Methods 


Questionnaire  data  were  obtained  from  each  participant  in  regard  to  their 
diet,  salt  usage,  previous  24-hour  food  consumption,  time  of  last  drink  and/or 
meal,  and  drug,  smoking,  and  alcohol  usage.  Samples  of  these  questionnaire  forms 
are  in  Appendix  A.  The  dietary  questions  focused  on  recent  changes  in  the 
patterns  of  food  consumption  and  the  use  of  special  diets.  The  24-hour  diet 
history  noted  the  times,  places,  and  kinds  of  foods  consumed  in  the  immediately 
preceding  24  hours.  Also,  each  participant  was  asked  about  the  kinds,  amounts, 
and  time  at  consumption  of  any  over-the-counter  or  prescription  medications, 
tobacco,  caffeine,  and  alcohol.  Questionnaire  data  were  also  obtained  regarding 
the  kinds,  levels,  frequency,  and  duration  of  any  physical  activity. 

Results  and  Discussion 

Results 

In  the  preceding  24  hours,  56%  of  the  sample  had  consumed  one  can  of  ’’cola," 
68%  had  had  at  least  one  cup  of  coffee  or  tea,  85%  had  smoked  at  least  one  ciga¬ 
rette,  and  72%  had  consumed  some  form  of  alcoholic  beverage.  As  seen  in  Table 
24,  distribution  statistics  for  the  intervals  from  last  drink  and  last  meal  show 
little  difference  between  the  sexes  with  means  of  about  6-7  hours  for  the  inter¬ 
vals  from  the  last  meal  and  about  3  hours  for  the  intervals  from  the  last  drink. 
At  the  minimum,  the  intervals  from  the  last  meal  and  from  the  last  drink  were 
about  one  hour  for  each  sex,  and  at  the  maximum,  the  intervals  were  19-23  hours 
for  the  last  meal  and  14-15  hours  for  the  last  drink. 

Questionnaire  data  were  obtained  in  regard  to  physical  exercise.  Exercise 
Group  1  (EGl)  included  24  men  and  34  women  who  reported  that  they  did  not 
participate  in  physical  activity.  Exercise  Group  2  (EG2)  was  composed  of  35  men 
and  23  women  who  had  participated  in  physical  activity  in  the  preceding  week  but 
not  during  the  24~hour  period  preceding  the  examination.  Exercise  Group  3  (EG3) 
included  34  men  and  27  women  who  had  participated  in  physical  activity  during  the 
24  hours  preceding  the  examination. 


58 


TABLE  24. 

Distribution 
Last  Drink. 

Statistics  for 

Interval 

from  Last  Meal  and 

from 

Variables 

N 

Mean 

SD 

Maximum 

Value 

Men 

Last 

Meal  (hours) 

94 

7.3 

5.9 

19 

Last 

Drink  (hours) 

94 

3.2 

3.2 

14 

Women 

Last 

Meal  (hours) 

84 

6.4 

6.1 

23 

Last 

Drink  (hours) 

84 

3.4 

3.6 

15 

Because  of  the  diversity  and  complexity  of  the  recalled  dietary  data,  it  was 
not  possible  to  categorize  participants  to  test  for  possible  dietary  effects  on 
measures  of  bioelectric  resistance.  Analyses  of  covariance  were  performed  for 
men  and  for  women  separately  for  the  physical  exercise  groups.  The  intervals 
from  last  drink  and  last  meal  to  the  time  of  the  examination  were  treated  as 

continuous  variables.  These  analyses  of  covariance  related  to  the  differences 

.  2 
between  predictions  of  BD,  %BF,  TBF  or  FFM  from  ’’stature  /resistance  plus 

anthropometry”  and  from  underwater  weighing.  In  the  men,  neither  the  effects 

associated  with  exercise  group  membership  nor  those  associated  with  interval  from 

last  drink  or  interval  from  last  meal  were  significant.  Thus,  for  the  men, 

presence  or  absence  of  exercise  or  length  of  interval  from  last  meal  or  last 

drink  had  no  significant  effect  on  differences  in  predictions  of  body  composition 
2 

from  stature  /resistance  plus  anthropometry  and  from  underwater  weighing.  In 
addition,  there  were  no  significant  additive  effects  of  the  intervals  from  last 
meal  and  those  from  last  drink.  Tables  of  the  results  of  these  analyses  are 
found  in  Appendix  E. 

Corresponding  analyses  were  made  for  the  women.  Exercise  group  membership 

had  significant  effects  on  the  differences  between  predictions  of  either  BD,  %BF, 

2 

TBF,  or  FFM  from  stature  /resistance  plus  anthropometry  and  those  from  under¬ 
water  weighing.  Tables  of  these  results  are  found  in  Appendix  E,  and  these 
results  are  summarized  in  Table  25.  These  data  were  not  adjusted  for  intervals 
from  last  meal  or  drink  because  the  predicted  values  were  not  significantly 
associated  with  these  intervals.  The  results  that  are  summarized  in  Table  25  are 
based  upon  Duncan’s  Multiple  Range  Test. 
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TABLE  25.  Mean  Differencesf  Between  Estimates  of  Body  Composition 
from  Stature^/Resistance  Plus  Anthropometry  and  from 
Underwater  Weighing  for  Exercise  Groups  in  Women. 


Body  Composition 
Variable 

EGl 

Exercise  Groups 
EG2 

EG3 

BD  (gm/cm^) 

-0 , 0035^ 

0.002 

0.003 

%BF  (%) 

1.456* 

-0.865 

-1.306 

TBF  (kg) 

0.929* 

-0.698 

-0.706 

FFM  (kg 

-0.929* 

0.698 

0.706 

EGl.  No  exercise  at  all 

EG2.  Exercise  but  not  in  past  24  hours 


EG3.  Exercise  in  past  24  hours 

*.  Significant  difference  (P<0.05)  between  pairs  of  means,  EGl  and  EG2  and 
EGl  and  EG3. 

f.  Calculated  by  subtracting  the  estimate  from  "stature^/resistance  plus 
anthropometry”  from  the  estimate  from  underwater  weighing. 

In  the  group  without  exercise  (EGl),  estimates  of  BD  or  FFM  from  underwater 

2 

weighing  were  less  than  corresponding  predictions  from  stature  /resistance  plus 
anthropometry,  producing  negative  mean  differences  that  were  statistically  differ¬ 
ent  from  corresponding  values  in  Exercise  Groups  2  and  3  (Table  25).  For  %BF  or 

TBF  in  Exercise  Group  1,  estimates  from  underwater  weighing  were  larger  than 

2 

corresponding  predictions  from  stature  /resistance  plus  anthropometry,  producing 

positive  mean  differences  that  were  also  statistically  different  from 

corresponding  values  in  Exercise  Groups  2  and  3  (Table  25).  For  the  women 

2 

without  regular  exercise  (EGl),  stature  /resistance  plus  anthropometry 
overpredicted  BD  or  FFM  and  underestimated  7oBF  or  TBF,  compared  to  corresponding 
estimates  from  underwater  weighing.  For  those  women  who  had  some  form  of  regular 

exercise  (EG2  and  3),  there  was  no  effect  of  the  occurrence  of  exercise  on 

.  .  .  2  . 

differences  in  estimates  of  body  composition  from  stature  /resistance  plus 

anthropometry  and  from  underwater  weighing.  Thus,  the  absence  of  regular  exercise 

appears  to  affect  the  difference  between  predictions  of  body  composition  from 

2  . 

stature  /resistance  plus  anthropometry  and  from  underwater  weighing  in  women. 

Discussion 

Body  composition  values  were  not  associated  with  intervals  from  last  meal  or 
last  drink  in  either  sex  despite  considerable  variation  in  the  time  of  occurrence 


60 


of  these  events.  There  were*  however,  significant  differences  between  exercise 

2 

groups  in  differences  between  predictions  of  body  composition  from  stature  / 

resistance  plus  anthropometry  and  from  body  density  in  the  women.  Compared  to 

2 

corresponding  estimates  from  underwater  weighing,  stature  /resistance  plus 
anthropometry  tended  to  underpredict  7oBF  or  TBF  and  overestimate  BD  or  B’FM  in 
those  women  without  regular  exercise.  The  basis  of  the  apparent  effect  of  the 
absence  of  exercise  on  differences  in  predictions  from  resistance  and  from 
underwater  weighing  in  the  women  is  unclear.  It  is  known  that  underwater 
weighing  overpredicts  the  body  fatness  of  athletes  due  to  a  greater  density  of 
FFM  (142). 

MENSTRUAL  CYCLE  VARIATION 

Hypotheses 

The  following  hypotheses  were  tested  in  relation  to  the  variability  in 
bioelectric  resistance  during  the  menstrual  cycle: 

1.  There  is  no  variation  in  serial  measures  of  bioelectric  resistance  in 
women  taking  oral  contraceptives  or  in  women  not  taking  oral 
contraceptives. 

2.  The  interval  from  first  day  of  last  menstrual  period  has  no  effect  on 
measures  of  bioelectric  resistance. 

Hypotheses  1  and  2  were  tested  serially  first  with  a  small  pilot  study  and  then 
with  a  much  larger  study  of  29  women.  Hypothesis  2  was  tested  using  the 
cross-sectional  data  from  the  85  women  who  were  part  of  the  validation  study 
described  on  page  23-24 . 

Pilot  Study 

Sample.  A  pilot  study  was  made  using  an  independent  sample  of  six  white 
women.  These  women  were  not  a  subsample  of  any  earlier  samples.  Three  of 
these  women  were  taking  oral  contraceptives  and  three  were  not  taking  oral 
contraceptives.  The  three  women  taking  oral  contraceptives  were  between 
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26,5  and  27.7  years  of  age,  between  165  and  169  cm  tall,  and  55  to  90  kg  in 
weight.  The  three  women  not  taking  oral  contraceptives  were  between  35.5 
and  46.8  years  of  age,  between  164  and  168  cm  tall,  and  71  and  76  kg  in 
weight . 

Methods .  Bioelectrical  resistance  measurements  were  recorded  from  the  right 
side  of  each  woman  at  approximately  the  same  time  of  day  for  35  consecutive 
days  by  one  observer.  The  technique  for  measuring  bioelectric  resistance  is 
the  same  as  that  described  on  page  16  and  in  Appendix  B.  At  each  daily 
visit,  each  woman  was  asked  whether  or  not  she  was  menstruating. 

Time  trend  models  were  fitted  to  these  data.  These  models  are 
appropriate  for  determining  a  pattern  across  time.  They  can  be  fitted  using 
regression  analysis.  A  detailed  discussion  of  time  trend  analysis  is 
presented  in  Appendix  F. 

2 

The  serial  data  for  stature  /resistance  were  log  transformed  to 
stabilize  the  variance  before  analyses  of  variance  were  performed.  These 
analyses  were  made  for  data  recorded  on  paired  days  in  successive  cycles  to 
determine  whether  the  between- individual  variance  exceeded  the 
within- individual  variance. 

2 

Results  and  Discussion.  The  linear  and  quadratic  trends  in  the  stature  / 

resistance  data  were  not  significant  for  any  of  the  women.  These  findings 

showed  that  systematic  trends  were  not  present  during  the  menstrual  cycle. 

However,  in  two  of  the  women  not  taking  oral  contraceptives,  there  were 

2 

marked  increases  in  stature  /resistance  14  days  after  the  onset  of 
menstruation  (Figure  3).  This  increase  at  about  the  time  of  ovulation  could 
have  been  a  random  effect  without  biological  significance.  Nevertheless, 
the  findings  from  this  pilot  study  warranted  obtaining  serial  data  from  a 
larger  sample  so  that  more  definite  conclusions  could  be  reached  regarding 
the  relationship  between  bioelectric  resistance  and  the  menstrual  cycle. 
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Figure  3.  Serial  measurements  of  stature^/resistance  in  three  women  not 
taking  oral  contraceptives . 


Sample  and  Methods 

Sample 

The  study  sample  consisted  of  twenty-nine  women  who  were  not  a  subset  of  any 
of  the  other  samples.  Five  of  these  women  had  participated  in  the  pilot  study 
described  previously.  Eleven  of  these  women,  aged  22  to  30  years,  were  taking 
oral  contraceptives  and  eighteen,  aged  21  to  38  years,  were  not  taking  oral 
contraceptives.  Within  this  sample,  there  were  two  black  women  who  were  not 
taking  oral  contraceptives.  The  remaining  27  women  were  white.  Each  woman  who 
agreed  to  participate  stated  she  would  be  available  for  study  at  the  same  time 
each  day  for  35  consecutive  days.  Forms  for  informed  consent  and  data  collection 
are  in  Appendix  A. 

Methods 

Each  woman  was  requested  to  come  for  pre-testing  one  to  two  days  in  advance 
of  the  start  of  her  35-day  measurement  period.  At  this  visit,  weight,  stature, 
and  arm  and  calf  circumferences  were  measured  by  each  of  two  observers  working 
independently.  Descriptions  of  each  anthropometric  technique  are  presented  in 
Appendix  B.  Each  woman  was  assigned  a  mutually  agreed  upon  time  at  which  to 
return  daily  to  be  measured  for  the  next  35  consecutive  days.  At  each  daily 
visit,  weight  was  measured  and  two  resistance  measures  were  made  from  the  right 
side  of  each  woman  when  she  was  wearing  a  minimum  of  street  clothing.  Since  the 
study  occurred  during  May  and  June,  the  women  wore  light  clothing.  Three 
Bioelectrical  Impedance  Analyzers  were  used  to  record  the  bioelectric  resistance 
values . 

After  each  woman  had  completed  her  35-day  measurement  period,  she  returned 
for  a  remeasurement  of  weight,  stature,  and  arm  and  calf  circumferences.  The 
significance  of  the  differences  between  oral  contraceptive  users  and  non-oral 
contraceptive  users  was  tested  for  data  at  the  first  and  at  the  final 
examinations.  A  2-sided  Mann-Whitney  U-test  was  used  because  of  the  small  sample 
size  in  each  group  and  probable  non-normality. 
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Distribution  statistics  were  calculated,  within  women,  for  the  serial 
stature^/resistance  and  weight  values,  daily  increments  of  these  and  first  and 
last  statures.  Rank  order  correlations  between  the  coefficients  of  variation  for 
s tature^y resistance  and  for  weights  within  women  were  calculated  to  determine 

whether  the  variability  within  women  was  significantly  associated  between 

2  '  ■  ■  ■ . 

stature  /resistance  and  weight. 

Daily  values  for  %BF  were  estimated  using  the  regression  equation  in 
Appendix  C,  Table  C-6.  The  independent  variables  needed  for  application  of  this 
estimation  equation  were  derived  as  follows: 

Impedance  -  The  first  of  the  resistance  values  recorded  each 

day. 

Weight  (kg)  -  The  value  recorded  each  day. 

Stature  Means  of  the  two  values  recorded  on 

Calf  circumference  (cm)  the  first  day  and  two  values  recorded 
Arm  circumference  (cm)  on  the  last  day. 

Age  (years)  -  Calculated  as  age  at  31  May  1985  which  was 

approximately  the  commencement  of  data  collection. 

An  analysis  was  made  to  determine  the  number  of  days  on  which  resistance  had 
to  be  measured  to  approximate  the  "true”  value.  The  true  value  was  considered  to 
be  the  mean  of  the  daily  measurements.  This  analysis  was  based  on  correlations 
between  the  true  value  and  the  values  on  random  single  days,  on  the  first  days  of 
the  menstrual  cycles,  and  means  of  the  data  recorded  during  the  4  days  at  the 
beginning  of  each  cycle. 

Results  and  Discussion 

Results 

There  were  no  differences  in  the  anthropometric  variables  between  the  first 
and  last  examination  or  between  those  women  taking  or  not  taking  oral  contracep¬ 
tives.  These  results  are  found  in  Appendix  G,  Tables  G-1  and  G-2.  In  addition, 
the  differences  in  the  mean  impedance  values  recorded  with  each  machine  were  not 
significant  (Bioelectrical  Impedance  Analyzers):  583  ohm  (SD  64  ohm);  582  ohm 
(SD  68  ohm);  580  ohm  (SD  66  ohm). 
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Oral  Contraceptive  Group .  The  mean  values  for  stature  /resistance,  derived 

1 

from  34  to  35  daily  values  for  each  woman,  ranged  from  38.56  to  58.79  cm  /ohm. 

2  ,  . 

The  standard  deviations  varied  from  0.87  to  2.17  cm  /ohm,  and  the  ranges  (minimum 

2  .  . 

to  maximum)  varied  from  3.69  to  11.89  cm  /ohm  within  women  (Table  G— 3) . 

Distribution  statistics  were  calculated  for  daily  increments  in 
2 

stature  /resistance  for  each  woman  (Table  G-4).  The  mean  (signed)  increments 

2 

were  near  zero,  but  the  standard  deviations  were  from  1.06  to  2.84  cm  /ohm  per 

2 

day.  The  median  increments  varied  from  -0.44  to  -0.49  cm  /ohm  per  day,  and  the 

2  .  . 

ranges  (minimum  to  maximum)  varied  from  2.12  to  9.34  cm  /ohm  per  day  within  women. 

Decreases  in  stature  /resistance  occurred  in  six  of  the  11  women  during 
intervals  from  four  days  before  to  four  days  after  the  commencement  of  menstrua¬ 
tion.  However,  in  four  of  the  11  women,  there  were  increases  in  the  values  of 
stature  /resistance  from  two  days  before  to  two  days  after  the  commencement  of 

menstruation,  and  in  a  fifth  woman  there  was  a  borderline  decrease.  The  day  of 

2  ,  2 
the  minimum  stature  /resistance  value  and  the  day  of  the  maximum  stature  / 

resistance  value  were  identified  in  the  serial  data  for  each  woman,  but  these 

days  were  distributed  randomly  through  the  cycles  (Table  G-5).  Figure  G-1 

2  . 

displays  the  serial  stature  /resistance  data  for  women  taking  oral  contracep¬ 
tives.  These  plots  allow  visual  recognition  of  the  days  with  the  minimum  values. 

The  standard  deviations  in  weight  for  each  woman  ranged  from  0.35  to  1.20 
kg,  but  the  ranges  were  from  1.6  to  5.4  kg  within  women.  The  largest  day-to-day 
changes  varied  from  0.8  to  2.1  kg/day;  however,  the  mean  daily  increments  of 
weight  (kg/day)  within  these  women  were  near  zero.  These  results  are  in  Tables 

G- 6  and  G~7.  Rank  order  correlations  between  coefficients  of  variation  for 

2  ... 

stature  /resistance  and  for  weight  were  not  significant. 

Daily  predictions  of  %BF  were  made  using  the  equation  in  Table  C-6 .  The 
means  for  estimated  7oBF  averaged  for  all  days  for  each  woman  ranged  from  20.79  to 
49.75%  with  standard  deviations  of  0.67  to  1.63%.  The  ranges  for  each  woman  were 
from  3.09  (minimum)  to  9.86%  (maximum).  The  mean  daily  increments  for  each  woman 
were  close  to  zero  with  standard  deviations  that  varied  from  0.93  to  2.36%;  the 
largest  increments  ranged  from  1.61  to  7.34%  (Tables  G~8  and  G-9) . 
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The  correlation  between  stature  /resistance  on  a  random  day  in  each  serial 

2 

record  and  the  means  for  all  days  was  +0.89.  The  correlation  between  stature  / 
resistance  on  the  first  days  of  the  menstrual  cycles  and  the  means  for  all  days 
was  +0.98  which  increased  to  +0.99  when  the  mean  for  the  first  four  days  of  the 
cycle  was  correlated  with  the  mean  for  all  days. 

2  2 
Daily  data  for  stature  /resistance  could  be  matched  with  stature  / 

resistance  data  for  some  corresponding  days  in  successive  menstrual  cycles.  The 

differences  for  paired  data  were  analyzed  using  analysis  of  variance.  The  values 
2 

for  stature  /resistance  were  based  on  the  means  of  two  measures  for  stature  on 
both  the  first  and  on  the  last  day  of  each  series  of  measurements.  The  bioelec¬ 
tric  resistance  values  used  were  the  first  of  the  two  values  recorded  each  day. 
The  between- individual  variance  was  only  slightly  greater  than  the  within- 
individual  variance  with  P-value  of  0.09. 

Autocorrelations  of  the  errors  (residuals  from  regression)  were  calculated 

2 

using  the  serial  stature  /resistance  values  for  each  woman.  In  nine  of  the 

women,  a  Durbin-Watson  test  for  the  first  through  the  fifth  order  correlations 

was  non- significant  (a  =  0.05)  indicating  that  the  values  on  particular  days  were 

not  significantly  correlated  with  the  values  on  any  of  the  five  days  immediately 

following  (Table  G-10) .  Consequently,  the  intercepts  and  the  regression 

coefficients  for  these  women  could  be  interpreted  without  adjustment.  In  each  of 

these  nine  women,  the  intercept  was  positive  and  significantly  different  from 

2 

zero,  but  the  slope  (cm  /ohm  per  day)  was  small  and  in  only  two  of  the  women  were 

the  slopes  significantly  different  from  zero.  In  two  of  the  women  there  were 

significant  autoregressions.  In  Participant  No.  8,  there  was  a  significant  third 

order  autocorrelation  of  the  residuals  showing  that  the  daily  values  for 
1 

stature  /resistance  were  positively  associated  with  the  correspond¬ 
ing  values  three  days  later.  Also  Participant  No.  6  showed  significant  first  and 

2 

third  order  autocorrelations  of  the  residuals  for  daily  values  of  stature  / 

resistance.  The  significant  autocorrelations  for  this  subject  demonstrated  that 

2 

the  daily  values  for  stature  /resistance  were  negatively  correlated  with  the 
values  one  day  later  and  positively  correlated  with  the  values  three  days  later. 
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To  determine  whether  the  pattern  of  change  for  all  days  combined  within  each 

2 

woman  was  rectilinear  or  curvilinear,  regressions  of  stature  /resistance  against 
2 

days  and  days  from  the  last  menstrual  period  were  calculated.  "Days"  refers  to 
the  time  intervals  between  the  first  days  of  the  last  menstrual  periods  and  the 
days  of  the  examinations  (Table  G-11) .  The  intercepts  were  significant  at  a  = 

0.05  in  each  woman,  but  the  coefficient  for  days  was  significant  in  only  two 

2  ... 

women,  and  the  coefficient  for  days  was  significant  in  only  three  women. 

Non-Oral  Contraceptive  Group.  Each  participant  was  measured  on  35 
consecutive  days,  except  for  three  women  who  were  measured  on  34  consecutive 

days.  The  means  for  the  measurements  within  women  varied  from  30.84  to  64.82 

2  2 
cm  /ohm  with  standard  deviations  that  ranged  from  0.95  to  2.78  cm  /ohm.  The 

2  . 

ranges  for  each  woman  varied  from  3.74  to  17.27  cm  /ohm.  The  days  with  the 
2 

maximum  stature  /resistance  values  were  randomly  distributed  within  the  menstrual 
cycles  (Tables  G-12  and  G -13 ,  Figure  G-2) . 

2 

The  means  for  daily  increments  in  stature  /resistance  for  each  woman  were 

2  .  ' 

close  to  zero  and  ranged  from  -0.11  to  +0.08  cm  /ohm  per  day  with  standard 

Z  . 

deviations  that  varied  from  0.87  to  3.67  cm  /ohm  per  day.  The  largest  daily 

2 

increments  within  women  ranged  from  2,21  to  14.21  cm  /ohm  per  day  (Table  G-14). 

The  daily  weights  differed  markedly  among  the  women,  with  a  variation  from 

50.21  to  117.97  kg,  and  the  standard  deviations  ranged  from  0.27  to  1.38  kg 

within  the  women.  The  ranges  of  daily  weights  for  each  woman  varied  from  1.0  to 

5.8  kg.  The  mean  daily  increments  were  close  to  zero,  and  the  standard 

deviations  of  the  daily  increments  ranged  from  0.30  to  0.76  kg/day  (Table  G-15). 

The  largest  increments  ranged  from  0.5  to  2.0  kg/day  (Table  G-16).  Rank  order 

2  , 

correlations  between  the  coefficients  of  variation  for  stature  /resistance  and 
for  weight  were  not  significant. 

Estimates  of  %BF  were  made  for  each  of  the  women  using  the  estimation 
equation  in  Table  C~6 .  The  means  of  daily  predictions  for  each  woman  varied  from 
17.64  to  63.75%,  and  the  standard  deviations  for  the  daily  predictions  within 
each  woman  ranged  from  0.75  to  2.23%  (Table  G~17).  The  ranges  for  each  woman 
varied  from  3.41  to  13.93%.  The  means  within  each  woman  were  close  to  zero,  but 
the  standard  deviations  ranged  from  0.88  to  1.93%.  The  increments  within  women 
ranged  from  3.25  to  8.83%  (Table  G-18) . 
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The  correlation  between  the  values  of  stature  /resistance  on  one  random  day 

and  the  means  of  the  values  for  all  days  was  0.97.  The  correlation  between  the 
2  . 

value  of  stature  /resistance  on  the  first  days  of  the  menstrual  cycles  and  the 
means  of  the  values  for  all  days  was  0.98.  The  latter  coefficient  increased  to 
0.99  when  the  means  of  values  for  the  first  four  days  of  the  cycles  were 
correlated  with  the  means  for  all  days. 

2 

Thirteen  of  the  women  had  a  senes  of  daily  measurements  of  stature  / 
resistance  that  included  corresponding  days  in  successive  menstrual  cycles.  An 
analysis  of  variance,  applied  to  the  data  for  pairs  of  corresponding  days,  showed 
that  the  between- individual  variance  did  not  differ  significantly  from  the 
within- individual  variance. 

Autocorrelations  between  residuals  were  calculated  using  the  daily  values  of 
2 

stature  /resistance  for  each  woman.  In  11  of  the  women,  these  autocorrelations 

were  not  significant  (a  =  0.05).  The  intercepts  were  significantly  different 

2 

from  zero  in  each  of  these  women.  The  slopes  (cm  /ohm  per  day),  which  are 
referred  to  as  the  "days”  term  in  Table  G-19,  were  significantly  different  from 
zero  (a  a  0.05)  in  two  of  the  women;  in  one  the  value  was  positive  and  in  the 
other  it  was  negative.  There  were  some  significant  autocorrelations  in  the  other 

women.  Adjustments  were  made  for  these  prior  to  the  regression  analyses.  Daily 

2  2 
values  for  stature  /resistance  were  regressed  against  days  and  against  days  .  In 

13  women  without  significant  autocorrelations,  the  intercepts  were  significant  (a 

2 

=  0.05),  and  the  coefficients  for  days  and  days  were  significant  in  five  of 
these  women  (Tables  G-19  and  G-20) . 

After  adjustments  for  the  significant  autocorrelations  in  five  of  the  women, 

the  intercepts  were  significant  (a  =  0.05),  but  the  coefficients  for  days  and  for 
2 

days  were  not  significant,  except  for  one  woman  whose  coefficient  for  days  had  a 
.  2 

significant  negative  value  and  for  days  had  a  significant  positive  value. 

Cross-sectional  Study.  Data  were  also  analyzed  using  the  cross-sectional 
bioelectric  resistance  and  menstrual  records  from  the  larger  sample  of  85  women, 
described  on  pages  23-24.  Seventy-five  of  these  women  had  a  history  of  regular 
menstrual  periods  (variation  less  than  +4  days  in  cycle  intervals),  and  15  were 
oral  contraceptive  users.  At  the  time  of  examination,  17  of  the  women  were 
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menstruating.  The  mean  interval  between  the  first  day  of  the  last  menstrual 
period  and  the  date  of  examination  was  11.13  days  (SD  7.58  days)  with  a  maximum 
interval  of  32  days. 

These  85  women  were  classified  into  two  groups  according  to  use  or  non-use 
of  oral  contraceptives.  Using  bioelectric  resistance  as  the  response  variable 
and  time  interval  from  the  first  day  of  last  menstrual  cycle  to  the  date  of 
examination  as  a  covariate,  an  analysis  of  covariance  was  performed  to  determine 
the  effect  of  oral  contraceptive  use  adjusting  for  days  since  the  beginning  of 
the  menstrual  cycle  (Table  26).  In  the  analysis,  the  assumption  of  linearity 
between  the  response  variable  and  the  covariate  and  the  assumption  of  common 
slope  between  the  groups  in  the  relationship  of  response  variable  and  covariate 
were  justified. 

The  effect  of  oral  contraceptives  on  bioelectric  resistance  was  not 
significant  when  the  data  were  adjusted  for  the  interval  from  the  first  day  of 
the  last  menstrual  period  to  the  examination.  The  interval  from  the  last 

2 

menstrual  period  was  not  associated  significantly  with  the  values  for  stature  / 
resistance  in  the  oral  and  non-oral  contraceptive  groups  combined. 

TABLE  26.  Analysis  of  Covariance,  Testing  the  Main  Effect  of  Oral 

Contraceptive  Usage  on  Measures  of  Bioelectric  Resistance 
with  Interval  Between  First  Day  of  the  Last  Menstrual 
Period  and  the  Date  of  Examination  as  a  Covariate. 


Source  of 

Variation 

DF 

Sum  of  Squares 

F 

P 

Oral  Contraceptive  (a) 

(after  mean  and  covariate) 

1 

R(ctlv,b)=1851.58 

0.49 

0.484 

Days  from  last  menstrual 
period  (b)  (pooled  within- 
class  regression) 

1 

R(bly,a)=1454.72 

0.39 

0.535 

Residual 

68 

SSE=:254387.80 

Days  from  last  menstrual 
period  (Ho;  parallelism 
of  the  slopes) 

1 

R(ab}y,a,b)=3977.32 

1.06 

0.31 

Residual 

67 

SSE=:250410.48 
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Discussion 


Analyses  of  the  serial  data  were  made  separately  for  oral  and  non-oral 
contraceptive  users  because  the  data  from  the  pilot  study  indicated  possible 
differences  in  bioelectric  resistance  associated  with  oral  contraceptive  use. 
Since  comparisons  between  the  groups  could  be  influenced  by  body  size  differ¬ 
ences,  the  oral  and  non-oral  contraceptive  users  were  compared  with  regard  to 

weight,  stature,  and  arm  and  calf  circumferences.  The  differences  were  not 

2 

significant.  The  results  of  analyses  of  stature  /resistance  were  generally 

similar  for  the  oral  contraceptive  and  for  the  non-oral  contraceptive  groups.  In 

2 

each  group,  the  means  of  daily  values  for  stature  /resistance  varied  markedly 

between  women,  as  did  the  standard  deviations  and  the  increments  in 
2 

stature  /resistance. 

In  the  pilot  study,  two  women  taking  oral  contraceptives  had  shown  decreases 
2 

in  stature  /resistance  about  the  time  of  ovulation.  These  results  were  not 
confirmed  in  the  larger  study  where  increases  and  decreases  occurred  with  about 
equal  frequency  at  this  time. 

There  was  also  interest  in  weight  changes  within  the  women  because  large 
systematic  changes  in  weight  could  have  been  associated  with  changes  in 
bioelectric  resistance.  In  some  women,  there  may  be  a  marked  weight  gain  and 
water  retention  in  association  with  menstruation  (143-147)  and  resistance  values 
are  closely  associated  with  total  body  water  and  the  concentrations  of  ions  in 
body  fluids  (99,  104).  There  is  considerable  inter- individual  variation  in 
weight  changes  in  relation  to  menstruation  with  a  second  weight  peak  14  to  21 
days  after  the  onset  of  menstruation  in  some  women  (143).  Others  regard  weight 
changes  in  relation  to  menstruation  as  random  fluctuations  rather  than  effects  of 
physiological  processes  (145).  The  changes  in  weight  and  hydration  are  not  large 
enough  in  normal  women  to  affect  measurements  of  body  density  from  underwater 
weighing  (148) . 

Daily  weight  fluctuations  occurred  in  all  the  women,  but  in  neither  the  oral 
contraceptive  group  nor  in  the  non-oral  contraceptive  group  did  weight  tend  to 
change  systematically  in  relation  to  the  menstrual  cycle.  The  findings  for 
weight  were  similar  to  the  daily  changes  reported  in  the  literature  for  young 
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women.  After  the  effects  of  significant  linear  trends  were  removed,  Robinson  and 

Watson  (144)  found  a  mean  adjusted  daily  change  of  0.28  kg,  with  a  range  of  0.59 

to  2.07  kg.  Others  have  reported  that  standard  deviations  for  daily  weights 

ranged  from  0.20  to  0.38  kg  (147)  and  that  the  daily  changes  exceeded  0.5  kg  on 

13.4%  of  occasions  and  exceeded  1.0  kg  on  1.8%  of  occasions  (144).  About  30 

percent  of  women  gain  1.3  kg  or  more  in  weight  during  the  premenstrual  or 

menstrual  phase  of  the  cycle  (149).  In  the  present  study,  the  variability  in 

weight  was  not  significantly  associated  with  the  variability  in 
2 

stature  /resistance. 

2 

The  equation  using  stature  /resistance  and  selected  anthropometric  variables 
as  predictors  of  %BF  (Table  19,  page  46)  was  applied  to  the  serial  data  for  the 
women.  There  were  marked  differences  in  the  predicted  %BB’  values  between  the 
women  within  each  group.  The  values  tended  to  be  higher  in  the  non-oral 
contraceptive  group  to  an  extent  that  was  just  significant  (t=1.80;  0.05<P<0.1, ) , 
but  serial  trends  were  not  significant  in  either  group. 

The  use  of  bioelectric  resistance  in  anthropometric  surveys  depends  upon 
whether  a  measurement  of  resistance  on  a  random  day  during  the  menstrual  cycle  is 
sufficiently  representative  of  the  true  value  for  a  woman.  The  true  value,  for 
this  purpose,  was  assumed  to  be  the  mean  of  the  values  for  35  consecutive  days. 

The  results  showed  that  a  measurement  on  any  one  day  was  sufficiently  accurate. 

2 

An  analysis  of  variance  for  stature  /resistance  on  paired  days  within  successive 
cycles  showed  that  the  between- individual  variance  was  greater  than  the 
within- individual  variance  in  the  oral  contraceptive  group,  but  not  in  the 
non- oral  contraceptive  group.  This  reflected  the  relatively  larger  between- 
individual  variance  and  the  relatively  smaller  within- individual  variance  in  the 
oral  contraceptive  group  compared  to  the  non-oral  contraceptive  group.  It  Was 
concluded  that  measurements  on  a  random  day  in  each  of  two  menstrual  cycles  were 
indicated  for  non-oral  contraceptive  users.  This  conclusion  is  tentative  because 
of  the  small  number  of  subjects.  The  results  for  the  oral  contraceptive  group 
showed  that  the  between- individual  variance  was  greater  than  the  within- 
individual  variance.  This  implied  that  a  random  day  in  a  single  cycle  would 
provide  sufficient  information.  This  conclusion  is  provisional  because  the  P 
value  was  marginally  significant  (P=0.09). 
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Regressions  of  resistance  versus  days  and  days  from  the  previous  menstrual 

period  to  the  days  of  examination  were  calculated,  after  adjustments  for 

significant  autocorrelations.  The  intercepts  were  significant  in  all  women,  but 

2 

the  terms  for  days  and  for  days  were  significant  no  more  commonly  than  would  be 
expected  due  to  chance.  This  showed  that  there  were  no  linear  or  non-linear 
systematic  trends  in  the  resistance  values  in  relation  to  timing  within  the 
menstrual  cycle. 

A  total  of  1184  pairs  of  serial  bioelectric  resistance  measurements  were 
made  on  35  individuals  combining  data  from  the  serial  data  and  the  cross- 
sectional  data.  Five  of  the  daily  resistance  values  for  individuals  are  probably 
artifacts.  These  are  all  low  values.  Two  occurred  on  the  14th  days  of  the 
menstrual  cycles  (Wos.  5  and  6  in  the  pilot  study),  one  on  the  3rd  day  of  the 
cycle  in  a  woman  not  taking  oral  contraceptives  (No.  3),  one  on  the  8th  day  of 
the  cycle  in  a  woman  (No.  32)  not  taking  oral  contraceptives,  and  one  on  the  8th 
day  of  the  cycle  in  a  woman  who  was  taking  oral  contraceptives  (No.  9).  The 
cause  of  these  probable  artifacts  is  obscure.  Daily  measurements  of  the  test 
object  (calibration)  showed  almost  no  variation.  Defects  in  the  conduction 
system  between  the  impedance  analyzer  and  the  women  (loose  contacts,  microfrac¬ 
tures,  etc.)  are  likely  to  cause  irregular  (unstable)  values  rather  than  low 
ones  (150). 

SUMMARY 

It  is  concluded  on  the  basis  of  these  serial  and  cross-sectional  studies 
that  when  bioelectric  resistance  values  are  used  to  predict  the  body  composition 
of  women,  there  is  no  need  to  record  data  relating  to  oral  contraceptive  use  and 
that  it  is  not  necessary  to  control  the  timing  of  resistance  measurements  in 
relation  to  the  menstrual  cycle. 
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VALIDITY  OF  ULTRASONIC  DATA 

RATIONALE 

Ultrasonic  measurements  of  subcutaneous  adipose  tissue  thickness  are  not 
affected  by  inter- individual  differences  in  tissue  compressibility  as  are  skinfold 
caliper  measurements  (94).  Also,  ultrasonic  measurements  of  subcutan¬ 
eous  adipose  tissue  can  be  taken  at  body  locations  where  skinfold  calipers  cannot 
be  used,  such  as  the  breast  and  buttocks,  and  in  the  obese,  where  a  skinfold 
thickness  may  be  too  large  to  be  measured.  Ultrasound  has  not  been  commonly  used 
to  measure  subcutaneous  adipose  tissue  thickness  because  available  instruments 
were  not  portable  and  had  poor  accuracy  and  validity. 

The  EchoScan  1502  ultrasound  equipment  is  light  in  weight  (3.6  kg),  portable, 
non- invasive,  safe  for  human  use,  and  is  applicable  to  all  ages,  sexes  and  racial 
groups  present  in  the  U.S.  Army.  Preliminary  data  indicated  that  this  instrument 
can  provide  local  estimates  of  subcutaneous  adipose  tissue  thicknesses .  To  be  of 
value,  however,  ultrasonic  measurements  must  be  accurate,  reliable,  and  provide 
valid  estimates  of  subcutaneous  adipose  tissue  thickness,  TBF  and  %BF.  Conse¬ 
quently,  testing  must  involve  comparisons  with  skinfold  thicknesses  and  with 
estimates  of  TBF  and  %BF  from  densitometry. 

The  EchoScan  1502  can  measure  adipose  tissue  thickness  with  a  resolution  of  + 
0.1  mm.  For  acceptance  of  the  EchoScan  instrument,  it  must  provide  accurate 
estimates  of  subcutaneous  adipose  tissue  thickness  that  as  good  if  not  better  than 
skinfold  caliper  measurements  of  subcutaneous  adipose  tissue  thickness  as 
predictors  of  TBF  or  %BF.  Also,  it  is  important  to  determine  whether  or  not 
ultrasonic  measurements  are  affected  by  other  body  dimensions  or  physiological 
factors . 

VALIDATION 

Hypotheses 

The  following  hypotheses  were  tested  to  determine  the  accuracy,  validity  and 
independence  of  ultrasonic  measures  of  subcutaneous  adipose  tissue  thickness: 
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1.  Ijltrasonic  measures  of  subcutaneous  adipose  tissue  thickness  with  an 
EchoScan  1502  are  accurate  in  comparison  to  corresponding  Lange  skinfold 
caliper  measurements. 

2.  Ultrasonic  measures  of  subcutaneous  adipose  tissue  with  an  EchoScan  1502 

will  not  improve  estimates  of  body  density  from  skinfold  caliper 

'  ■  2 

measurements  and  stature  /resistance. 

Sample  and  Methods 

sample 

The  sample  consisted  of  the  177  men  and  women  who  each  participated  in 
measures  of  underwater  weighing,  anthropometry,  residual  volume,  bioelectric 
resistance,  and  ultrasonic  measures  of  subcutaneous  adipose  tissue  thickness 
(pages  23-24),  Data  collection  recording  forms  are  in  Appendix  A. 

Methods 

Ultrasonic  measures  of  subcutaneous  adipose  tissue  thickness  were  made  with 
an  EchoScan  1502  portable  machine  at  the  same  body  locations  as  the  skinfold 
measurements  and  at  additional  sites  over  the  breast  and  buttocks.  Skinfold 
measurements  of  subcutaneous  adipose  tissue  thickness  were  made  with  Lange 
skinfold  calipers.  The  ultrasonic  and  skinfold  caliper  measurements  were  each 
recorded  twice  by  each  of  two  independent  observers.  The  following  ultrasonic 
and  caliper  measurements  were  taken  with  the  participant  standing:  triceps, 
biceps,  subscapular,  and  midaxil lary.  The  remaining  measurements  were  taken  with 
the  participant  supine:  breast  (ultrasound  only),  paraumbilical,  anterior  thigh, 
and  lateral  calf.  The  ultrasonic  measurement  of  the  buttocks  was  taken  with  the 
participant  prone.  Bioelectric  resistance  was  also  recorded  from  each  participaiit 
as  described  on  page  16.  All  measurements  were  taken  from  the  right  side  of  the 
body  oh  the  same  day.  Complete  descriptions  of  the  anthropometric  bioelectric 
resistance  and  ultrasonic  measurement  are  in  Appendix  B. 


Results  and  Discussion 

Results 

Hypothesis  1 

Correlations  were  calculated  between  observed  values  and  between  squares  of 
observed  values  for  EchoScan  and  Lange  caliper  measurements  for  men  and  women 
separately.  The  results  are  presented  in  Table  27.  All  the  correlation 
coefficients  were  significant.  It  was  considered  desirable  to  correlate  amongst 
squares  of  the  observed  values  because  squares  may  be  used  in  equations  to 
calculate  indices  of  adipose  tissue  areas  or  of  muscle/adipose  tissue  areas  for 
the  upper  arm  or  the  calf.  The  coefficients  for  the  observed  values  were  higher 
in  the  men  than  in  the  women  for  six  of  the  seven  sites.  The  highest 
coefficients  for  the  observed  values  were  for  the  anterior  thigh  site  in  the  men 
and  for  the  subscapular  site  in  the  women. 

When  the  correlations  were  based  on  squares  of  the  observed  values,  the 
highest  coefficients  were  those  for  the  midaxillary  and  paraumbilical  sites  while 
the  lowest  coefficients  were  those  for  the  biceps  site  in  each  sex.  The 
correlations  based  on  the  squares  of  observed  values  were  similar  to  those  based 
on  the  observed  values  except  for  measurements  at  the  midaxillary,  paraumbilical, 
and  lateral  calf  sites  for  which,  in  each  sex,  the  correlations  based  on  squares 
were  markedly  larger. 

The  caliper  measurements  were  regressed  on  the  ultrasonic  measurements  at 
each  of  the  seven  sites  within  sex.  These  results  are  presented  in  Appendix  H. 
The  intercepts  had  positive  values  ranging  from  3.84  to  5.87  mm.  They  were  not 
significantly  different  from  zero  (t-test;  P  <  0.05)  except  those  for  the 
subscapular  site  in  the  men  and  for  the  paraumbilical,  triceps,  and  lateral  calf 
sites  in  the  women.  The  slopes  had  values  ranging  from  1.33  to  2.55.  The  values 
for  the  slopes  tended  to  be  larger  in  the  men  than  in  the  women,  and  they  were 
all  significantly  different  from  unity  (one-sided  t-test;  P  <  0.05)  except  for 
the  sUbscapular  site  in  the  men. 
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The  correspondence  between  skinfold  and  ultrasonic  measurements  was  also 
examined  by  constructing  a  series  of  contingency  tables.  The  data  recorded  at 
matching  sites  with  two  techniques  within  the  same  participants  cannot  be  assumed 
to  be  independent.  Therefore,  chi-square  tests  were  not  applicable.  However, 
these  tables  allow  some  non-statistical  judgments.  Agreement  between  methods  in 
quartile  assignment  was  better  at  the  higher  quartiles  and  tended  to  be  better 
for  men  than  for  women.  These  results  are  tabulated  in  Appendix  H. 


TABLE  27.  Correlations  Between  Corresponding  Ultrasonic  and  Lange 
Skinfold  Caliper  Measurements  of  Subcutaneous  Adipose 
Tissue  Thickness  in  Men  and  Women. 


n 

Men 

r** 

n 

Women 

r** 

Observed  Values 

Triceps 

85 

0.73 

82 

0.62 

Biceps 

85 

0.45 

81 

0.55 

Subscapular 

85 

0.75 

82 

0.68 

Midaxil lary 

85 

0.75 

81 

0.59 

Paraumbilical 

84 

0.57 

81 

0.41 

Anterior  Thigh 

83 

0.81 

70 

0.64 

Lateral  Calf 

83 

0.72 

73 

0.56 

Squared  Values 

Triceps 

85 

0.72 

82 

0.60 

Biceps 

85 

0.47 

81 

0 . 52 

Subscapular 

85 

0.76 

82 

0.62 

Midaxil lary 

85 

0.89 

81 

0.80 

Paraumbilical 

84 

0.82 

81 

0.79 

Snterior  Thigh 

83 

0.81 

70 

0.62 

Lateral  Calf 

83 

0.80 

73 

0.66 

**P  <0.01  (all  tests) 


Hypothesis  2 

The  utility  of  ultrasonic  data  was  examined  by  comparing  the  effectiveness 

of  four  models  for  the  prediction  of  BD  (Model  I  =  skinfold  thicknesses ;  Model  II 

=  Model  I  plus  ultrasonic  variables  significantly  correlated  with  BD  after  adjust- 

2 

xng  for  the  skinfold  thicknesses;  Model  III  =  Model  I  plus  stature  /resistance; 

2 

and  Model  IV  -  Model  II  plus  stature  /resistance).  The  RMSE  for  men  were  not 

2 

significantly  altered  by  the  addition  of  the  ultrasonic  data  or  stature  / 
resistance  to  skinfold  thickness  (Table  28) .  Similar  results  were  obtained  for 
women . 
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The  root  mean  square  errors  (RMSE)  from  these  regression  equations  were  all 
larger  in  the  women  than  in  the  men.  This  reflects,  at  least  in  part,  the  larger 
mean  values  in  the  women.  The  RHSE  tended  to  be  larger  for  the  paraumbilical 
site  and  small  for  the  biceps  and  lateral  calf  sites  in  each  sex.  These 
differences  between  sites  in  RMSE  are  probably  also  related  to  the  mean  values. 

TABLE  28.  Prediction  of  Body  Density  from  Underwater  Weighing 
in  Men  by  Maximum  R^  Equations. 


Model  I^ 

Model  II^ 

Model  III*^ 

Model  IV 

0.67 

0.72 

0.68 

0.74 

2 

Adjusted  R 

0.66 

0.71 

0.66 

0.72 

RMSE 

0.0083 

0.0077 

0.0083 

0.0076 

a.  Model  I  was  built  using  skinfold  thicknesses  at  seven  sites  as  possible 


b. 


c. 

d. 


regressors. 

Model  II  was  formulated  using  Model  I  plus  ultrasonic  measurements  at 
the  sites  where  they  were  significantly  (a-0.05)  correlated  with  BD 


after  adjusting  for  the  skinfold  thicknesses. 

Model  in  was  fonnulated  using  Model  I  plus  stature2/reslstance. 
Model  IV  was  formulated  using  Model  II  plus  stature'^/resistance. 


Discussion 


The  present  study  has  shown  statistically  significant  correlations  between 
pairs  of  caliper  and  ultrasonic  values  with  r  values  ranging  from  +0.45  to  +.85. 
These  correlations  are  similar  in  magnitude  to  those  reported  by  Borkan  et  al. 
(82).  Regression  analyses  showed  most  of  the  intercepts  did  not  differ  signifi¬ 
cantly  from  zero,  but  most  of  the  slopes  were  significantly  greater  than  unity. 
This  is  not  surprising  because  skinfold  values  exceed  the  corresponding  ultrasonic 
values  particularly  at  larger  thicknesses.  When  ultrasonic  data  were  added  to 

models  to  predict  BD  from  skinfold  thicknesses,  or  from  skinfold  thicknesses  plus 
2  ■ 

stature  /resistance,  there  were  only  small  and  non-significant  changes  in  the 

.  2 

adjusted  R  values  and  in  the  RMSE.  Given  this  finding,  and  considering  the 
Echoscan’s  low  reliability  and  high  observer  error  rates,  it  was  concluded  that 
ultrasonic  measurements  of  subcutaneous  adipose  tissue  thicknesses  with  the 
EchoScan  equipment  were  less  satisfactory  than  skinfold  measurements  whether 
there  is  interest  in  total  or  regional  body  fatness. 
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EFFECTS  OF  PHYSIOLOGICAL  FACTORS  ON  ULTRASONIC  MEASUREMENTS 

Hypothesis 

The  following  hypothesis  was  used  to  test  for  the  possibility  of 
physiological  factors  on  ultrasonic  measurements: 

The  difference  between  corresponding  EchoScan  ultrasonic  measurements  and 
Lange  skinfold  caliper  measurements  are  not  influenced  by  stature,  weight, 
upper  arm  circumference,  calf  circumference,  time  of  day,  interval  from  last 
meal  or  drink,  oral  contraceptives,  interval  from  last  menstrual  period,  or 
recent  exercise. 

Sample  and  Methods 

Sample 

This  sample  also  consisted  of  the  177  men  and  women  who  each  participated  in 
measures  of  underwater  weighing,  anthropometry,  residual  volume,  bioelectric 
impedance,  and  ultrasonic  measures  of  subcutaneous  adipose  tissue  described 
earlier  on  pages  24-25. 

Methods 

Ultrasonic  measures  of  subcutaneous  adipose  tissue  thickness  were  made  with 
an  EchoScan  1502  portable  machine  at  the  same  body  locations  as  the  skinfold 
measurements  plus  from  the  breast  and  buttocks.  The  location  of  these  sites  and 
the  anthropometric  and  ultrasonic  measurement  techniques  are  described  oh  page  25 
and  in  Appendix  B.  The  physiological  data  were  the  same  as  those  collected  for 
this  sample  as  described  on  pages  53  and  58  and  in  Appendix  B.  Briefly,  these 
data  were  related  to  diet,  exercise,  interval  from  last  meal  or  drink,  drug 
usage,  and  menstruation. 
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Results  and  Discussion 


Results 


A  multiple  regression  model  was  applied  to  the  data  for  each  sex  separately. 
This  procedure  allowed  estimates  of  the  effects  of  the  factors  considered  on  the 
differences  between  matching  pairs  of  ultrasonic  and  caliper  measurements  of 
subcutaneous  adipose  tissue  thicknesses  (EchoScan  less  Lange  calipers).  There 
were  significant  negative  associations  between  stature  and  differences  between 
pairs  of  triceps,  subscapular,  midaxillary,  and  paraumbilical  subcutaneous  adipose 
tissue  measurements  in  the  men.  Weight  had  significant  positive  associations 
with  the  differences  between  EchoScan  and  caliper  measurements  at  the  triceps, 
subscapular,  biceps,  midaxillary,  and  paraumbilical  sites  in  the  men.  Arm  circum¬ 
ference  had  a  significant  negative  association  with  the  differences  between  the 
pairs  of  paraumbilical  subcutaneous  adipose  tissue  measurements  in  the  men.  Also, 
calf  circumference  was  negatively  associated  with  the  differences  for  the  subscap¬ 
ular  and  paraumbilical  sites,  but  was  positively  associated  with  the  differences 
between  pairs  of  subcutaneous  adipose  tissue  measurements  at  the  anterior  thigh 
and  lateral  calf  sites  in  the  men.  Only  the  significant  results  of  this  analysis 
are  presented  in  Table  29. 

TABLE  29,  Significant  Results*  of  Multiple  Regression  Analysis  of  the  Differences 
Between  Corresponding  EchoScan  Ultrasonic  Measurements  and  Caliper 
Measurements  of  Subcutaneous  Adipose  Tissue  Thicknesses  (EchoScan  Less 
Calipers)  Versus  Anthropometric  Variables  and  Other  Exogenous  Factors 
in  Men. 


Variables  Triceps 

Sub¬ 

scapular 

Biceps 

Mid¬ 

axillary 

Para¬ 

umbilical 

Anterior 

Thigh 

Lateral 

Calf 

Stature  -0 

18 

-0.29 

-0 . 20 

-0.52 

Weight  0 

23 

0.44 

0.05 

0.26 

1.20 

•  •  • 

•  •  • 

Arm  Circ. 

•  • 

.  .  . 

•  •  • 

•  •  • 

-1 . 28 

•  •  • 

•  •  • 

Calf  Circ. 

*  • 

-0.60 

•  •  • 

•  *  * 

-1.33 

0.70 

0.49 

Time  of  day 

.  . 

.  .  . 

.  .  . 

•  •  • 

»  •  • 

«  •  • 

•  «  • 

Interval  from 

•  • 

•  •  • 

•  «  • 

•  •  • 

•  •  • 

•  •  • 

•  *  • 

Last  Meal 

Interval  from 

«  • 

•  «  « 

•  •  • 

•  «  « 

•  •  • 

*  •  • 

•  •  • 

Last  Drink 

Exercise  Group  . 

.  .  . 

— 

*.  two  sided  t-test  for  regression  coefficient  equal  to  zero  was  significant  at 
a  =  0.05  for  each  item  with  an  entered  value  and  excluding  all  non¬ 
significant  values. 
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Data  for  the  women  showed  that  stature  was  significantly  and  negatively 
associated  with  the  differences  for  the  subscapular,  biceps,  and  midaxillary 
measurements  of  subcutaneous  adipose  tissue  (Table  30).  Weight  was  significantly 
positively  associated  with  the  differences  for  the  triceps,  subscapular,  biceps, 
and  paraumbilical  subcutaneous  adipose  tissue  measurements.  Arm  circumference 
was  positively  associated  with  the  differences  between  subcutaneous  adipose  tissue 
measurements  at  the  biceps  site  only  in  the  women.  Calf  circumference  was 
significantly  but  negatively  associated  with  the  corresponding  differences  at  the 
subscapular  and  biceps  sites  in  the  women,  but  was  positively  associated  with  the 
differences  at  the  anterior  thigh  and  lateral  calf  sites.  Also,  in  the  women, 
time  of  day  was  significantly  associated  with  the  differences  between  ultrasonic 
and  caliper  measurements  of  subcutaneous  adipose  tissue  thickness  at  the  subscap¬ 
ular  and  midaxillary  sites.  The  interval  from  the  last  drink  was  positively 
associated  with  the  differences  at  the  biceps  site,  while  the  interval  from  the 
last  menstrual  period  was  positively  associated  with  the  differences  at  the 
midaxillary  site. 

Exercise  level  (see  page  58  for  categories)  was  treated  in  the  analysis 
as  a  continuous  variable  with  low  values  indicative  of  less  physical  exercise. 

The  effects  of  exercise  on  the  differences  between  caliper  and  ultrasonic 
measurements  were  not  significant  in  the  men,  but  in  the  women  there  was  a 
negative  association  between  exercise  and  the  differences  at  the  triceps  site. 

Discussion 

These  results  indicate  that  the  primary  effect  of  the  physiological  factors 
on  differences  between  ultrasonic  and  caliper  measurements  of  subcutaneous 
adipose  tissue  relates  to  the  compression  of  the  caliper  measurements. 
Theoretically,  without  compression,  the  value  of  an  ultrasonic  measurement  should 
be  equal  to  half  the  value  of  the  caliper  measurement  of  subcutaneous  adipose 
tissue  thickness.  Since  these  are  computed  as  ultrasonic  measurement  less 
caliper  measurement,  the  larger  the  positive  value  from  this  subtraction,  the 
greater  the  effect  of  compression  on  the  skinfold  caliper  measurement.  In  the 
men  and  women,  the  negative  associations  with  stature  and  the  positive 
associations  with  weight  indicate  greater  amounts  of  compression  for  the  skinfold 
caliper  measurements  in  shorter,  heavier  individuals.  These  results,  plus  the 
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positive  associations  between  limb  circumferences  and  corresponding  skinfolds  and 
level  of  exercise,  indicated  that  compression  significantly  affected  skinfold 
caliper  measurements  compared  to  ultrasonic  measures  of  subcutaneous  adipose 
tissue  thickness  in  the  heavier  individual.  Since  these  effects  were  detectable 
in  this  sample,  where  few  participants  were  obese,  then  one  can  expect  similar, 
if  not  greater  effects  in  a  sample  with  a  distribution  of  weights  more 
representative  of  the  U.S.  civilian  population. 

TABLE  30.  Significant  Results*  of  Multiple  Regression  Analysis  Of  the  Differences 
Between  Corresponding  EchoScan  Ultrasonic  Measurements  and  Caliper 
Measurements  of  Subcutaneous  Adipose  Tissue  Thicknesses  (EchoScan  Less 
Calipers)  Versus  Anthropometric  Variables  and  Other  Exogenous  Factors 
in  Women. 


Sub- 

Variables  Triceps  scapular 

Biceps 

Mid- 

axillary 

Para¬ 

umbilical 

Anterior 

Thigh 

Lateral 

Calf 

Stature 

_  -0 . 45 

1 

o 

-0.05 

Weight 

0.31  0.76 

0.25 

•  •  • 

0.54 

•  •  • 

Arm  Circ. 

•  •  •  •  •  • 

0.58 

«  *  • 

•  •  • 

... 

Calf  Circ. 

-0.77 

-0.46 

•  •  • 

•  •  • 

1.44 

0.49 

Time  of  day 

0.64 

•  •  • 

0.89 

•  •  • 

... 

Interval  from 

•  •  • 

•  •  • 

•  •  ♦ 

•  •  • 

Last  Heal 

Interval  from 

...  ... 

0.10 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

Last  Drink 

Oral 

...  ... 

•  •  • 

•  •  • 

... 

Contraceptive 

Interval  from 

Last  Mens t rua 1 

•  •  •  •  •  « 

•  •  • 

•  «  • 

0.09 

... 

Period 

Exercise 

1.43* 

•  •  • 

♦  ♦  ♦ 

•  •  « 

... 

Group 

*.  two  sided  t-test  for  regression  coefficient  equal  to  zero  with  the  result 
being  significant  at  a  =  0.05  for  each  item  with  an  entered  value  and 
excluding  all  non-significant  values. 


SUMMARY 

Ultrasonic  measures  of  subcutaneous  adipose  tissue  thickness  with  an 
EchoScan  1502  ultrasound  machine  are  significantly  correlated  with  corresponding 
measures  from  Lange  skinfold  calipers.  In  general,  these  correlation 
coefficients  are  similar  to  those  reported  for  Lange  or  Holtain  skinfold  calipers 
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and  an  Ithaco  Body  Composition  Meter  (85,  118).  However,  the  correlation 
coefficients  were  less  than  corresponding  coefficients  wheie  the  ultrasound 
machine  used  was  a  sophisticated  real-time  scanner  (121) . 

The  findings  of  Fanilli  &  Kuczmarski  (121)  indicated  that  Lange  skinfold 
cSlipers  measures  of  subcutaneous  adipose  tissue  thickness  had  larger  correlation 
coefficients  with  body  density  than  corresponding  real  time  ultrasonic  measure¬ 
ments.  Borkan  and  co-workers  (85)  also  reported  similar  results  for  prediction 
of  body  density  from  ultrasonic  subcutanepus  adipose  tissue  measurements  with  an 
Ithaco  Body  Composition  Meter.  Ultrasonic  measures  of  Subcutaneous  adipose 
tissue  can  be  used  to  group  individuals  into  quartiles  of  fatness  that  agree  with 
corresponding  quartiles  from  skinfold  caliper  measurements.  However,  these 
groupings  between  methods  have  a  greater  degree  of  eorrespondence  at  the  upper 
and  lower  quartiles.  The  distinct  advantage  of  ultrasonic  raeasurements  is  seen 
in  the  absence  of  the  effects  of  compression  that  plague  skinfold  caliper 
measurements,  particularly  for  large  skinfold  thicknesses. 


CONCLUSIONS 


FINDINGS  ON  RELIABILITY  AND  VALIDITY 

This  discussion  focuses  upon  the  testing  that  has  been  performed  with  the 
Bioelectric  Impedance  Analyzer  Model  BIA-lOl  and  the  EchoScan  1502  ultrasound 
machine. 

The  measurement  of  bioelectric  impedance  in  the  human  body  has  great  appeal 
as  an  index  of  body  composition  because  the  procedure  is  quick,  noninvasive,  and 
requires  little  observer  training.  The  present  study  has  shown  that  intra- 
machine  differences  are  extremely  small  compared  with  the  observed  mean  values. 

In  fact,  intra-machine  reliability  was  excellent,  with  reliability  estimates  of 
99.5%  or  more  for  each  of  two  observers.  An  analysis  of  variance  did  not  show 
significant  main  effects  of  machine  or  a  significant  machine  x  observer  interac¬ 
tion.  The  intra-observer  differences  for  the  impedance  measurements  were  small 
in  men  and  women  with  a  reliability  of  98%.  Inter-observer  differences  were 
equally  small,  and  the  reliability  was  about  99%.  These  excellent  reliability 
results  for  the  bioelectric  impedance  equipment  are  in  agreement  with  those 
reported  by  others  from  generally  smaller  samples  and  with  less  complete  sets  of 
machine  and  observer  differences  (99,110-113,124). 

Having  demonstrated  the  reliability  of  impedance  measurements,  the  question 
of  validity  was  addressed.  As  a  first  step,  it  was  shown  that  bioelectric 
resistance  had  significant  negative  correlations  with  weight,  arm  circumference, 
and  calf  circumference.  Each  of  these  anthropometric  variables  was  also 
negatively  correlated  with  BD,  and  positively  correlated  with  %BF  and  TBF  as  has 
been  reported  by  others  (9,18,127,134,135).  In  the  present  data,  the  correla¬ 
tions  between  resistance  and  selected  anthropometric  variables  remained  signifi¬ 
cantly  negative  within  sex-specific  groups  subdivided  by  race.  Tests  of  the 

2 

validity  of  impedance  were  also  made  by  relating  combinations  of  stature  / 

resistance  plus  anthropometric  variables  to  BD,  %BF,  TBF,  and  FFM  from  underwater 

weighing.  The  best  equations  for  men  were  those  including  stature  /resistance, 

weight,  and  calf  circumference.  The  analyses  for  women  showed  the  best  equations 
2 

included  stature  /resistance,  weight,  calf  circumference,  arm  circumference. 
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and  age.  The  RMSE  values  for  predicted  body  composition  values  were  similar  to 

2 

those  when  the  best  combinations  of  stature  /resistance  and  skinfolds  were  used. 

Comparisons  were  made  between  black  and  white  participants  in  regard  to 

2 

differences  between  body  composition  from  stature  /resistance  plus  anthropometry 

and  those  derived  from  underwater  weighing.  There  were  few  black  participants 

for  statistical  tests  of  significance  especially  for  women,  but  the  present  data 

2 

showed  that  predictions  of  body  composition  variables  from  stature  /resistance 
plus  anthropometry  for  black  men  would  have  to  be  altered  to  make  the  means 
equivalent  to  those  derived  from  underwater  weighing.  The  results  of  analyses 
suggested  separate  regression  equations  for  black  and  for  whites  are  desitable. 

It  is  e5q>ected  that  the  RMSE  for  these  equations  would  be  smaller  than  those  for 
the  present  equations. 

The  present  validity  tests  can  be  compared  with  the  SEE  of  5.08%  and  3.06% 

2 

reported  for  a  group  of  somewhat  obese  adults,  aged  17-59  years,  when  stature  / 

resistance  was  used  to  estimate  7oBF  (68).  The  larger  value  was  obtained  when  the 

equation  of  the  manufacturer  of  the  Bioelectric  Impedance  Analyzer  was  applied 

2 

and  the  smaller  was  obtained  with  a  study- specif ic  equation  using  stature  / 

resistance  as  the  independent  variable.  A  value  of  6.04%  for  the  SEE  of  %BF  in 

2 

lean  young  men,  using  stature  /resistance,  and  the  regression  formula  provided 

by  the  manufacturer  has  been  reported  (124).  Others  (113)  have  reported  a  SEE 

2 

for  FFM  of  4.43  kg  when  stature  /resistance  was  used  to  predict  FFM  employing 

the  equation  supplied  by  the  manufacturer.  When  an  equation  developed  in  the 

Same  study  (113)  was  used,  in  combination  with  weight,  the  SEE  for  FFM  was  3 .06 

kg.  Lukaski  et  al.  (99)  reported  a  value  of  2.61  kg  for  the  SEE  of  fat-free 

2 

weight  using  their  own  regression  equation  that  employed  stature  /resistance  as 
the  independent  variable.  When  this  equation  was  applied  to  a  different  sample, 
a  SEE  for  TBF  of  3.06  kg  was  obtained  (124).  In  each  of  these  studies,  the 
’’direct”  measures  of  body  composition  were  obtained  from  underwater  weighing 
except  that  of  Lukaski  et  al.  (99)  who  employed  TBW  from  D2®* 

This  approach  to  the  validation  of  bioelectric  impedance  as  an  index  of  body 
composition  is  based  on  the  assumptions  that  BD  can  be  measured  without  error  by 
underwater  weighing  and  that  Siri’s  equation  (20)  accurately  estimates  7cBF  from 
BD,  regardless  of  age  or  sex,  after  which  TBF  or  FFM  can  be  calculated.  The 


86 


accuracy  of  BD  estimation  depends  almost  entirely  on  the  measurement  of  underwater 
weight  and  of  RV.  There  is  convincing  evidence  that  underwater  weighing  is  highly 
reliable  (20,21,28-30,32-36,128,136).  This  was  also  the  case  in  the  present  study 
where  the  inter-observer  differences  were  small  and  reliability  was  high.  RV 
measurements  are  also  highly  reliable  (137).  In  the  present  study,  the  mean 
inter-observer  differences  were  0.1  L  (SD  0.1  L  within  each  sex)  and  the 
reliability  was  97.8%  or  greater. 

If  the  measurement  of  BD  were  completely  free  of  error,  the  estimation  of 
%BF  from  BD  would  have  an  error  of  about  +  2.5%  because  the  equations  used  are 
far  from  ideal  (13).  Siri’s  equation  (20),  to  estimate  %BF  from  BD,  yields 
results  similar  to  those  from  the  equation  of  Brozek  et  al.  (21),  except  at  low 
BD  values  (implying  high  values  for  %BF)  when  the  estimates  from  the  Sir i  equation 
are  higher  than  those  from  the  Brozek  equation  (13).  These  equations  are 
appropriate  for  healthy  young  white  men  (138),  but  they  are  inappropriate  for 
groups  in  which  the  FFM  is  more  dense  than  the  value  assumed  by  Siri  (20) .  This 
occurs  in  black  men  and  leads  to  an  underestimation  of  %BF  (22).  An  opposite 
tendency  (less  dense  FFM;  overestimation  of  %BF)  occurs  in  women  (139)  which  has 
led  to  the  development  of  a  new  equation  for  women  (23,139). 

In  summary,  estimates  of  %BF  from  underwater  weighing  have  an  SEE  of  about 

2.5%  (13).  When  values  from  underwater  weighing  are  used  as  criteria,  2.5% 

becomes  the  irreducible  minimum  for  the  errors  of  estimation.  Consequently,  the 

2 

finding,  that  the  RMSE  of  the  estimation  of  %BF  from  stature  /resistance  plus 

simple  anthropometry  is  4.002%  for  men  and  3.8937©  for  women,  is  a  good  result. 

2  ' 

The  general  conclusion  from  the  present  study  is  that  stature  /resistance  plus 
anthropometry  can  provide  more  accurate  predictions  of  body  composition  than 
anthropometry  alone,  and  this  finding  is  supported  by  published  reports  (10,68, 
140,141). 

2 

The  accuracy  of  the  prediction  of  body  composition  from  stature  / 
resistance  plus  anthropometry  might  have  been  affected  by  various  physiological 
noise  factors.  However,  diurnal  effects  were  demonstrated  to  be  nonsignificant. 

2 

Differences  between  predictions  of  BD,  %BF,  TBF,  or  FFM  from  stature  / 
resistance  plus  anthropometry,  and  from  underwater  weighing  were  not  associated 
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with  the  intervals  from  the  last  meal  or  last  drink  in  either  sex.  The  lack  of 

signifieance  in  the  present  findings  occurred  despite  considerable  variance  in 

the  intervals  with  maximum  intervals  of  23.5  hours  from  the  last  meal  and  15.0 

hours  from  the  last  drink.  There  were,  however,  significant  associations  with 

exercise  group  membership  in  the  women  but  not  in  the  men.  In  women  not  taking 

2 

regular  exercise,  stature  /resistance  plus  anthropometry  under-predticted  %1F 
and  TBF  in  comparison  with  underwater  weighing.  The  basis  for  the  apparent 
sex- associated  difference  in  effects  of  exercise  on  the  predictions  from  resis¬ 
tance  and  from  underwater  weighing  is  unclear.  Siri’s  equation  (20)  produces 
large  estimates  of  %BF  at  smaller  values  of  density;  thus,  the  significant 
effects  are  possibly  due  to  the  inherent  error  of  applying  Siri’s  equation  to  a 
group  for  which  it  is  not  appropriate.  The  apparent  effect  of  the  absence  of 
exercise  on  estimates  of  body  composition  from  bioelectric  resistance  in  women 
may  be  an  artifact  of  the  use  of  Siri’s  equation. 

Serial  data  in  relation  to  the  menstrual  cycle  for  women  taking  oral 

2 

contraceptives  showed  cyclic  changes  in  stature  /resistance  that  reflected 

changes  in  bioelectric  resistance  possibly  in  association  with  decreases  in 

estrogens  and  progesterones  coinciding  with  the  monthly  cessation  of  the  use  of 

oral  contraceptives.  Decreases  in  estrogens  may  be  associated  with  decreases  in 

total  body  water  and  sodium  (149),  but  decreases  in  progesterone  would  be 

associated  with  increases  in  total  body  water  and  sodium  (151-155).  The  present 

data  suggests  an  estrogen  effect,  perhaps  because  the  progesterone  effect  is 

reduced  or  completely  inhibited  by  increases  in  aldosterones  during  this  part  of 

the  cycle  (153,  156-159) .  Studies  in  metabolic  wards  have  also  shown  slight 

increases  in  weight,  total  body  water,  and  sodium  at  midcycle  when  intakes  of 

water,  sodium,  and  potassium  are  fixed  (160,161) ,  and  there  is  supporting 

evidence  for  these  changes  from  other  studies  (162-165).  Changes  in  body  weight 

TBW,  and  in  sodium  at  midcycle  are  generally  small,  and,  in  the  present  study, 

there  was  little  or  no  change  in  bioelectric  resistance  from  one  day  to  the 

2 

next .  These  f indings  indieate  that  stature  /resistance  values  were  not  related 
significantly  to  the  timing  of  the  present  menstrual  cycle  or  to  one  interval 
from  the  last  menstrual  period. 

The  ultrasonic  measurement  of  subcutaneous  adipose  tissue  has  considerable 
appeal  in  regard  to  the  regional  measurement  of  body  fatness.  Some  regional 


distributions  (fat  patterning)  are  associated  with  diseases  or  risk  factors  for 
diseases  (73,166,167).  Portable  equipment  is  available  (Ithaco,  EchoScan)  and 
its  use  would  avoid  the  errors  caused  by  individual  differences  in  the  compressi¬ 
bility  of  subcutaneous  adipose  tissue  (84).  Earlier  studies  of  the  Ithaco 
equipment  have  shown  that  it  is  not  useful,  because  it  has  an  accuracy  of  only 
2.0  mm,  and  it  is  not  reliable  (82,168).  The  EchoScan  machine  has  an  accuracy  of 
G.l  mm,  and  it  is  easily  portable.  However,  in  the  present  intra-observer  data, 
the  caliper  measurements  (skinfolds)  were  more  reliable  than  the  ultrasonic 
measurements.  There  were  also  large  differences  in  reliability  in  the  inter¬ 
observer  data.  The  reliability  of  skinfold  thicknesses  from  the  present  study  is 
generally  higher  than  that  reported  by  others  (127-133).  This  may  reflect  the 
long-term  experience  and  care  of  those  making  the  skinfold  measurements  in  the 
present  study.  The  present  observers  also  had  experience  with  the  Ithaco 
ultrasound  equipment  and  took  great  pains  to  obtain  the  best  possible  data  with 
the  EchoScan  equipment. 

The  present  study  indicated  significant  correlations  between  pairs  of 

caliper  and  ultrasonic  values.  These  correlations  are  similar  in  magnitude  to 

those  reported  by  Borkan  et  al.  (82).  However,  when  ultrasonic  data  were  added 

to  models  to  estimate  BD  from  skinfold  thicknesses  or  from  skinfold  thicknesses 

plus  stature^/resistance ,  there  were  only  small  and  non— significant  changes  in 
2 

the  adjusted  R  values  and  in  the  RMSE. 
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RECOMMENDATIONS 

EchoScan  1502 

The  EchoScan  ultrasonic  machine  is  not  recommended  in  place  of  skinfold 
calipers  for  the  measurement  of  subcutaneous  adipose  tissue  thickness.  The  main 
reasons  are  as  follows: 

Ultrasonic  measurements  with  the  EchoScan  machine  are  not  as  reliable  as 
skinfold  measurements,  and  they  do  not  contribute  significantly  to  the 
estimation  of  total  body  composition  (BD,  %BF,  TBF ,  FFM)  if  skinfold 
thicknesses  are  available. 

This  equipment  is  expensive  and  two  observers  are  needed  when  it  is  used. 

More  intensive  training  is  required  to  collect  ultrasonic  measurements 
than  to  make  caliper  measurements.  The  need  for  intensive  training  is 
indicated  by  the  significant  observer  x  machine  interaction  that  could 
lead  to  multiplicative  errors. 

Ultrasound  is  still  useful  for  the  study  of  subcutaneous  adipose  tissue 
thicknesses  if  B  mode  equipment  is  used,  but  this  equipment  is  not  portable,  and 
its  use  requires  considerable  training. 

BIA-101  Impedance  Analyzer 

The  Bioelectric  Impedance  Analyzer  Model  BIA-101  is  recommended  for  use  in 
future  anthropometric  surveys  of  U.S.  Army  personnel  and  in  screening  individuals 
in  regard  to  body  composition  variables.  The  results  for  individuals  should  be 
reported  with  their  confidence  limits.  The  main  reasons  for  this  recommendation 
are  as  follows: 

Bioelectric  resistance  measurements  made  with  the  Bioelectric  Impedance 
Analyzer  are  highly  reliable. 
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Validation  against  BD  indicates  that  predictive  errors  from  the  equations 
developed  in  this  study  are  only  slightly  larger  than  those  inherent  to 
densitometry. 

the  Bioelectric  Impedance  Analyzer  is  portable,  needs  only  one  observer 
to  operate  it,  requires  minimal  training  of  that  observer,  and  takes  only 
a  few  minutes  of  the  subject’s  time. 

the  results  of  this  study  also  support  the  following  conclusions  relative  to 
the  Bioelectric  Impedance  Analyzer: 

There  is  no  need  to  limit  the  time  of  day  (within  the  range  0900  to  1700 
hours)  at  which  resistance  is  measured  nor  on  the  intervals  from  last 
meal  (up  to  23.5  hours)  or  from  last  drink  (up  to  15  hours)  to  the  time 
of  the  measurement. 

Women  can  have  bioelectric  resistance  measured  Oh  Any  day  Whether  they 
are  menstruating  Or  not,  and  Whether  or  hot  they  are  taking  oral 
contraceptives.  A  resistance  measurement  need  “be  made  on  one  day  only. 

The  prediction  equations  from  tile  present  study  Should  be  applied  instead 
of  those  supplied  by  the  BlA  manufacturer,  until  better  equations  are 
available.  Sex-specific  prediction  equations  are  needed.  In  young  adult 
men,  weight  and  calf  circumference  should  be  used  in  combination  with 
stature  /  resistance.  In  youhg  adult  women,  arm  circumference  and  age 
Should  also  be  used.  The  combination  of  these  anthropometric  variables 
with  stature  /  resistance  is  recommended  in  preference  to  skinfolds 
with  stature  /  resistance.  Observer  ertors  are  large  When  skinfolds 
are  measured  by  inexperienced  observers,  whereaa  the  accurate  measurement 
of  stature,  weight,  calf  circumference  and  arm  circumference  requires 
very  little  training. 

Strictly  speaking,  all  prediction  equations  are  applicable  obly  to  the 
populations  from  which  they  were  derived.  In  particular,  application  of 
the  equations  from  the  present  study  to  older  individuals,  those  who  are 
more  extreme  in  fatness  than  the  study  sample,  MexicAn-Americans ,  or 
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pregnant  women,  will  lead  to  larger  errors  than  those  found  in  the 
present  study.  The  development  of  prediction  equations  for  other 
population  groups,  including  women  grouped  according  to  their 
participation  in  strenuous  activity,  and  the  cross-validation  of 
estimation  equations  is  desirable.  These  prediction  equations  cannot  be 
more  accurate  than  direct  measures  of  body  composition  from  underwater 
weighing.  The  errors  of  body  composition  values  from  underwater  weighing 
are  acceptable  for  young  adult  white  men,  but  are  probably  large  for  all 
other  groups.  These  errors  may  be  reduced  when  a  series  of  equations  to 
estimate  body  composition  from  body  density  for  age-  and  sex-specific 
groups  becomes  available  about  June,  1986  (169).  The  collection  of  data 
for  the  development  of  equations  to  predict  body  composition  from 
bioelectric  impedance  plus  anthropometry  could  precede  the  development  of 
age-  and  sex-specific  equations  to  estimate  body  composition  from  body 
density. 

The  need  for  race-specific  prediction  equations  is  shown  by  the 

variations  between  blacks  and  whites  in  the  differences  between  body 

2 

composition  predictions  from  stature  /resistance  plus  anthropometry  and 
those  from  underwater  weighing. 

All  measurements  should  be  made  on  the  right  side  of  the  body  because 
this  side  is  measured  in  most  U.S.  Army  anthropometric  surveys.  When 
there  is  reason  to  suspect  marked  asymmetry,  both  sides  should  be 
measured  and  the  means  of  paired  values  used.  There  were  no  significant 
lateral  differences  in  impedance  values  in  the  present  study. 

The  following  details  should  also  be  noted  to  assure  maximal  data  validity 
when  using  the  BIA-101  Analyzer: 

Subject  positioning  for  impedance  measurements  should  be  in  accordance 
with  the  manufacturer's  instructions  taking  care  that  the  thighs  are 
separated . 
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A  test  object  should  be  measured  at  the  beginning  and  the  end  of  each 
data  collection  day.  This  is  to  ensure  that  the  alligator  clips  and 
leads  make  good  contact ,  that  the  leads  do  not  have  fractures ,  and  that 
the  battery  is  fully  charged. 

The  importance  of  calibration  should  be  emphasized.  Each  instrument 
should  be  provided  with  a  spare  set  of  cables.  In  cross-sectional 
surveys,  it  will  be  difficult  to  recognize  inaccurate  impedance  data 
unless  it  is  associated  with  unstable  values.  One  potential  safeguard  is 
to  measure  with  two  instruments*  each  with  its  own  set  of  cables,  thus 
reducing  within-machine  effects. 

The  present  recommendations  refer  to  a  specific  instrument  produced  by  a 
particular  manufacturer.  If  alterations  were  made  in  this  equipment  by  th® 
manufacturer  or  by  others ,  these  recommendations  may  need  to  be  changed  and  the 
accuracy  of  the  prediction  equations  in  this  report  may  be  affected. 

These  recommendations  are  made  despite  the  fact  that  bioelectric  iiupedunce 
has  a  ’’black  box"  image  because  the  method  and  the  conductor  are  ill-defined. 
Stature^,  weight,  calf  circumference,  and  arm  circumference  provide  only  ah 
index  of  the  volume  of  the  conductor.  It  is  known  that  FFM  and  adipose  tissue 
differ  in  their  resistance  to  the  passage  of  low  frequency  alternating  currents 
(71,170),  but  the  path  traversed  by  the  current  during  the  measurement  of 
resistance  is  unknown.  It  is  assumed  that  FFM  is  favored  and  that  the  amount  of 
extracellular  fluid  and  its  ionic  concentration  influence  resistance  values. 
Studies  of  extracellular  fluid  and  serum  in  combination  with  bioelectric 
impedance  are  indicated. 

SUGGESTED  FURTHER  RESEARCH 

Suggestions  for  further  research  are  restricted  to  the  measurement  and 
application  of  total  body  resistance. 
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Basic  Research 

—  Quantitative  determination  of  the  conductor  pathway  through  the  body. 

—  Associations  between  resistance  and  extracellular  fluid. 

—  Possible  measurement  of  extracellular  fluid  and  intracellular  fluid 
separately  by  varying  the  current. 

Applied  Research 

—  There  is  convincing  evidence  in  the  literature  that  day-to-day  changes  in 

weight  are  larger  for  men  than  for  women  (138-139,144,147,171-175). 

2 

Consequently,  more  variability  in  stature  /resistance  is  likely  within 
men  than  within  women.  A  study  of  men  and  women  with  a  wide  range  of 
values  for  physical  activity  and  intervals  from  last  food  and  last  drink 
is  recommended.  The  measurements  should  include  resistance  and 
underwater  weight.  A  cross-over  design  with  control  of  the  variables  of 
interest  would  be  appropriate. 

—  Development  of  equations  for  predicting  body  composition  from  body 
density  in  various  sub-groups  (age,  ethnicity,  sex,  fitness,  physical 
activity) . 

—  Development  of  equations  for  predicting  body  composition  from  resistance 
and  anthropometry  in  various  demographic  sub-groups. 

— Cross-validation  of  new  prediction  equations  with  special  emphasis  on  the 
frequency  of  quartile  misclassif ication. 


95 


REFERENCES 


1.  Micozzi,  M.S.,  ’’Nutrition,  Body  Size  and  Breast  Cancer.”  Yearbook  of 

Physical  Anthropology,  Vol.  28,  pp.  175-206,  1985. 

2.  Roche,  A.F. ,  Siervogel,  R.M. ,  Chumlea,  W.C.  and  Webb,  P.,  "Grading  Body 

Fatness  from  Limited  Anthropometric  Data.”  Americal  Journal  of  Clinical 
Nutrition,  Vol.  34,  pp.  2831-2838,  1981. 

3.  Dill,  D.B. ,  Myhre,  L.G. ,  Greer,  S.M.,  Richardson,  J.C.  and  Singleton, 

K.J.,  "Body  Composition  and  Aerobic  Capacity  of  Youth  of  Both  Sexes.” 
Medicine  and  Science  in  Sports  and  Exercise,  Vol.  4,  pp.  198-204,  1972. 

4.  Bransford,  D.R.  and  Howley,  E.T.,  "Oxygen  Cost  of  Running  in  Trained 

and  Untrained  Men  and  Women.”  Medicine  and  Science  in  Sports  and 
Exercise,  Vol.  9,  pp.  41-44,  1977. 

5.  Welham,  W.C.  and  Behnke,  A.R. ,  "The  Specific  Gravity  of  Healthy  Men.” 

Journal  of  American  Medical  Association,  Vol.  118,  pp.  498-501,  1942. 

6.  Reynolds,  E.L.,  "Differential  Tissue  Growth  in  the  Leg  During 

Childhood.”  Child  Development,  Vol.  15,  pp.  181-205,  1944. 

7.  Reynolds,  E.L.,  "Distribution  of  Tissue  Components  in  the  Female  Leg 

from  Birth  to  Maturity."  Anatomical  Record,  Vol.  100,  pp.  621-630,  1948 

8.  Harrison,  G.G.  and  Van  Itallie,  T.B.,  "Estimation  of  Body  Composition: 

A  New  Approach  Based  on  Electromagnetic  Principles.”  American  Journal 
of  Clinical  Nutrition,  Vol.  35,  pp.  1176-1179,  1982. 

9.  Wilmore,J.H.  and  Behnke,  A.R. ,  "An  Anthropometric  Estimation  of  Body 

Density  and  Lean  Body  Weight  in  Young  Women.”  American  Journal  of 
Clinical  Nutrition,  Vol.  23,  pp.  267-274,  1970. 

10.  Dumin,  J.V.G.A.  and  Womersley,  J.  ,  "Body  Fat  Assessed  from  Total  Body 

Density  and  Its  Estimation  from  Skinfold  Thickness;  Measurements  of  481 
Men  and  Women  Aged  from  16  to  72  Years.”  British  Journal  of  Nutrition, 
Vol.  32,  pp.  77-97,  1974. 

11.  Pollock,  M.L. ,  Laughridge,  E.E.,  Coleman,  B. ,  Linnerud,  A.C.  and 

Jackson,  A.,  "Prediction  of  Body  Density  in  Young  and  Middle-Aged 
Women.”  Journal  of  Applied  Physiology,  Vol.  38,  pp.  745-749,  1975. 

12.  Jackson,  A.S. ,  Pollock,  M.L.  and  Ward,  A.,  ’’Generalized  Equations  for 

Predicting  Body  Density  of  Women.”  Medicine  and  Science  in  Sports,  Vol. 
12,  pp.  175-182,  1980. 


97 


Lohman,  T.G. ,  "iSkinfolds  and  Body  Density  and  Their  Relation  to  Body 
Fatness:  A  Review.”  Human  BioloRy,  Vol.  53,  pp.  18i“225,  1981. 

Mukherjee,  D.  and  Roche,  A.F.,  ’’The  Estimation  of  Percent  Body  Fat,  Body 

,  ,  ,  .  ,  2  .  .  .'  .. 

Density  and  Total  Body  Fat  by  Maximum  R  Regression  Equations."  Human 
Biology.  Vol.  56,  pp.  79-109,  1984. 

Haschke^  F.,  Foraon,  S.J.  and  Ziegler,  E.E.,  "Body  Composition  of  a 

Wine-Year-Old  Reference  Boy."  Pediatric  Research.  Vol.  15,  pp.  847-849, 
1981. 

Sinning,  W.E.  and  Wilson,  J.R. ,  "Validity  of  "Generalized"  Equations  fOr 
Body  Composition  Analysis  in  Women  Athletes."  Research  Quarterly  for 
Exercise  and  Sport.  Vol.  55,  pp.  153-160,  1984. 

Durninj  J.V.G.A.  and  Satwanti,  "VariAtions  in  the  Assessment  of  the  Fat 
Content  of  the  Human  Body  due  to  Experimental  Technique  in  Measuring 
Body  Density."  Annals  of  Human  Biology.  Vol.  9,  pp.  221-225,  1982. 

Wilmore,  J.H.  ,  "The  Use  of  Actual  Predicted  and  Constant  Residual 

Volumes  in  the  Assessment  of  Body  Composition  by  Underwater  Weighing." 
Medicine  and  Science  in  Sports  and  Exeroise.  Vol .  1,  pp.  87-90,  1969. 

Morrow,  J.R.j  Jr.  and  Bradley,  P.W.,  "Residual  VOluitte  Prediotion  Errops 
with  Trained  Athletes."  Medicine  and  Science  in  Sports  and  Exerciee^ 
Vol.  17,  p.  204,  1985. 

Siri,  W.E. ,  "Body  Composition  from  Fluid  Spaces  and  Density:  Analysis 
of  Methods."  In:  J.  Brozek  and  A.  Henschel  (eds):  Techniques  for 
Measuring  BOdy  Composition.  Washington:  llational  Academy  of  Science 
National  Research  Council,  pp.  223-244,  1961. 

Brozek,  J.,  Grande,  F. ,  Anderson,  J.T.  and  Keys,  A.,  "Densitometric 
Analysis  of  Body  Composition:  Revision  of  Some  Quantitative 
Assumptions."  Annuls  of  the  New  York  Academy  of  Science.  Vol.  ilO,  pp. 
113-140,  1963. 

Schutte,  J.E. ,  Townsend,  E.J.,  Hugg,  J. ,  Shoup,  R.F.,  Malina,  R.M*  and 
Blomqvist,  C.G.,  "Density  of  Leah  Body  Mass  is  Greater  in  Blacks  thah 
in  Whites."  Journal  Of  Physiology.  Vol.  56,  pp.  1647-1649,  1984. 

Lohman,  T.G. ,  "Research  Relating  to  Assessment  of  Skeletal  Status." 

In:  A.F.  Roche  (ed):  Body-COmposition  Assessments  ih  Youth  and  Adults, 
pp.  38-41,  Report  of  the  Sixth  Ross  Conference  On  Medical  Research,  Ross 
Laboratories,  Columbus,  Ohio,  1985. 


24.  Parizkova,  J.,  "Total  Body  Fat  and  Skinfold  Thickness  in  Children." 

Metabolism.  Vol.  10,  pp.  749-807,  1961a. 

25.  Parizkova,  J.,  "Age  Trends  in  Fat  in  Normal  and  Obese  Children." 

Journal  of  Applied  PhysioloRV.  Vol.  16,  pp.  173-174,  1961b. 

26.  Parizkova,  J.,  "The  Changes  of  Lean  Body  Mass  and  Body  Fat  in  Gymnasts 

During  Training  of  Various  Intensity  and  Interruption  of  Training." 

Teorya  I  Praktika  Fizitch — Eskov  Kulturv  I  Sporta.  Vol.  25,  pp.  37-40, 
1962. 

27.  Keys,  A.  and  Brozek,  J.,  "Body  Fat  in  Adult  Man."  Physiological  Review. 

Vol.  33,  pp.  245-325,  1953. 

28.  Cureton,  K. J. ,  Boileau,  R.A.  and  Lohman,  T.G.,  "A  Comparison  of 

Densitometric,  Potassium-40  and  Skinfold  Estimates  of  Body  Composition 
in  Prepubescent  Boys."  Human  Biology.  Vol.  47,  pp.  321-336,  1975. 

29.  Fitzgerald,  P.I.,  Drolet,  L.L. ,  Holden,  W.L.  and  Vogel,  J.A.,  "Within 

Trial  and  Day  to  Day  Variability  in  Underwater  Weighing  Parameters  Using 
a  Computerized,  Load-Cell  System."  Medicine  and  Science  in  Sports  and 
Exercise.  Vol.  17,  p.  277,  1985. 

30.  Chumlea,  W.C.,  Knittle,  J.L.,  Roche,  A.F. ,  Siervogel,  R.M.  and  Webb,  P., 

"Size  and  Number  of  Adipocytes  and  Measures  of  Body  Fat  in  Boys  and 
Girls  10  to  18  Years  of  Age."  American  Journal  of  Clinical  Nutrition. 
Vol.  34,  pp.  1791-1797,  1981. 

31.  Roche,  A.F. ,  Fels  Longitudinal  Study,  Division  of  Human  Biology,  Department 

of  Pediatrics,  Wright  State  University,  Yellow  Springs,  Ohio. 

Unpublished  data. 

32.  Pascale,  L.R.,  Grossman,  M.I.,  Sloane,  H.S.  and  Frankel,  T., 

"Correlations  Between  Thickness  of  Skinfolds  and  Body  Density  in  88 
Soldiers."  Human  Biology.  Vol.  28,  pp.  165-176,  1956. 

33.  Dumin,  J.V.G.A.  and  Taylor,  A.,  "Replicability  Measurements  of  Density 

of  the  Human  Body  as  Determined  by  Underwater  Weighing."  Journal  of 
Applied  Physiology.  Vol.  15,  pp.  142-144,  1960. 

34.  Haisman,  M.F.,  Estimation  of  Body  Fat  in  Young  Men  UsinR  Skinfold 

Calipers  and  a  Transportable  Underwater  Weighing  Apparatus.  Report  No. 
3/68,  Army  Personnel  Research  Establishment,  1968. 

35.  Harsha,  D.W. ,  Frerichs,  R.R.  and  Berenson,  G.S.,  "Densitometry  and 

Anthropometry  of  Black  and  White  Children."  Human  Biology.  Vol.  50,  pp. 
261-280,  1978. 


99 


36.  Mendez,  J.  and  Lukaski,  H.C.,  ’’Variability  of  Body  Density  in  Ambulatory 

Subjects  Measured  at  Different  Days.”  American  Journal  of  Clinical 
Nutrition,  Vol.  34,  pp.  78-81,  1981. 

37.  Boileau,  R.A. ,  Lohman,  T.G. ,  Slaughter,  M.H. ,  Hendrix,  M.K. ,  Going,  S.B. 

and  Ball,  T.E.,  ’’Changes  in  the  Hydration  of  the  Fat-Free  Body  during 
Maturation.”  Medicine  and  Science  in  Sports  and  Exercise,  Vol.  15, 
p.  180,  1983. 

38.  Lohman,  T.G.,  Slaughter,  M.H. ,  Boileau,  R.A.,  Bunt,  J.  and  Lussier,  L. , 

’’Bone  Mineral  Measurements  and  their  Relation  to  Body  Density  in 
Children,  Youth  and  Adults.”  Human  Biology.  Vol.  56,  pp.  667-679,  1984. 

39.  Forbes,  G.B. ,  ’’Growth  of  the  Lean  Body  Mass  during  Childhood  and 

Adolescence.”  Journal  of  Pediatrics,  Vol.  64,  pp.  822-827,  1964. 

40.  Anderson,  E.C.,  ’’Organic  Scintillation  Detectors  and  Their  Use  in  the 

Study  of  Body  Composition.”  In;  Body  Composition  in  Animals  and  Man. 
National  Academy  of  Sciences,  Publ.  No.  1598,  pp.  266-290,  Washington, 
D.C. ,  1968. 

41.  Miller,  C.E.,  Remenchik,  A.P.  and  Kessler,  W.V.,  ’’Precision  of  Assay  of 

Whole-Body  Potassium  in  Man.”  In:  Body  Composition in  Animals  and 
Man.  Washington,  DC:  National  Academy  of  Sciences,  Publ.  No.  1598, 
pp.  350-383,  1968. 

42.  Moore,  F.D. ,  Oelsen,  K.  and  McMurrey,  J.,  The  Body  Cell  Mass  and  Its 

Supporting  Environment.  Saunders:  Philadelphia,  1963. 

43.  Forbes,  G.B.,  Gallup,  I.  and  Hursch,  J.B.,  ’’Estimation  of  Total  Body  Fat 

from  Potassium-40  Content.”  Science,  Vol.  133,  pp.  101-102.  1961. 

44.  Lohman,  T.G.,  Boileau,  R.A.  and  Massey,  B.H. ,  ’’Prediction  of  Lean  Body 

Mass  in  Young  Boys  from  Skinfold  Thickness  and  Body  Weight.”  Human 
Biology,  Vol .  47,  pp.  245-262,  1975. 

45.  Myhre,  L.A.  and  Kessler,  W.V. ,  ’’Body  Density  and  Potassium  40 

Measurements  of  Body  Composition  as  Related  to  Age.”  Jouma  1  of  App  1  led 
Physiology,  Vol.  21,  pp.  1251-1255,  1966. 

46.  Forbes,  G.B. ,  Schultz,  F. ,  Cafarelli,  C.  and  Amirhakimi,  G.H. ,  ’’Effects 

of  Body  Size  on  Potassium-40  Measurements  in  the  Whole  Body  Counter 
(Tilt-Chair  Technique) .”  Health  and  Physics,  Vol.  15,  pp.  435-442,  1968 


100 


47.  Delwaide,  P.A.  and  Grenier,  E.J.,  “The  Relationship  Between  Total  Body 

Potassium  and  Body  Composition  in  the  Obese  Female.**  In:  The 
ReRulation  of  the  Adipose  Tissue  Mass.  Proceedings  of  the  IV 
International  Meeting  on  Endocrinology,  July  10-12,  pp.  231-233, 
Marseilles,  1973. 

48.  Widdowson,  E.M. ,  **Changes  in  Body  Proportions  and  Composition  During 

Growth.**  In:  J.A.  Davis  and  J.  Dobbing  (eds):  Scientific  Foundations 
of  Pediatrics.  W.  B.  Saunders,  pp.  153-163,  Philadelphia,  1974. 

49.  Hampton,  M.C. ,  Hu enemann,  R.L. ,  Shapiro,  L.R. ,  Mitchell,  B.W.  and 

Behnke,  A.R. ,  **A  Longitudinal  Study  of  Gross  Body  Composition  and 

conformation  and  their  Association  with  Food  and  Activity  in  a  Teen-Age 
Population.  Anthropometric  Evaluation  of  Body  Build.**  American  Journal 
of  Clinical  Nutrition,  Vol.  19,  pp.  422-435,  1966. 

50.  Pittet,  P.G.,  Stalley,  S.F.,  Hesp,  R.  and  Halliday,  D.,  **Body 

Composition  of  Women  Assessed  by  5  Methods.**  ProceedinRs  of  the 
Nutrition  Society,  Vol.  37,  p.  A86,  1978. 

51.  Womersley,  J. ,  Boddy,  K. ,  King,  P.C.  and  Durnin,  J.V.D.A.,  **A  Comparison 

of  the  Fat- Free  Mass  of  Young  Adults  Estimated  by  Anthropometry,  Body 
Density  and  Total  Body  Potassium  Content."  Clinical  Science,  Vol.  43, 
pp.  469-475,  1972. 

52.  Womersley,  J.  ,  Dumin,  J.V.G.A.,  Boddy,  K.  and  Mahaffy,  M. ,  "Influence 

of  Muscular  Development,  Obesity  and  Age  on  the  Fat-Free  Mass  of 
Adults."  Journal  of  Applied  Physio Iorv,  Vol.  41,  pp.  223-229,  1976. 

53.  Hollander,  V.,  Chang,  P. ,  and  Co  Tui,  "Deuterium  Oxide  and  Thiocyanate 

Spaces  in  Protein  Depletion."  Journal  of  Laboratory  and  Clinical 
Medicine.  Vol.  34,  pp.  680-687,  1949. 

54.  Edelman,  I.S.,  Haley,  H.B. ,  Schloerb,  P.R.,  Sheldon,  D.B. ,  Friis-Hansen, 

B.J.,  Stoll,  G.  and  Moore,  F.D. ,  "Further  Observations  on  Total  Body 
Water.  I.  Normal  Values  Throughout  the  Life  Span.**  SurRery  GynecoloRv 
and  Obstetrics.  Vol.  95,  pp.  1-12,  1952. 

55.  Prentice,  T.C.,  Siri,  W. ,  Berlin,  N.I.,  Hyde,  G.M. ,  Parsons,  R.J., 

Joiner,  E.E.  and  Lawrence,  J.H. ,  "Studies  of  Total  Body  Water  with 
Tritium."  Journal  of  Clinical  InvestiRation.  Vol.  31,  pp.  412-418,  1952 

56.  Wedgwood,  R.J.,  "Inconstancy  of  the  Lean  Body  Mass."  Annals  of  the  New 

York  Academy  of  Science.  Vol.  110,  pp.  141-152,  1963. 


101 


57.  Sobennan,  R. ,  Brodie,  B.B. ,  Levy,  B.B.,  Axelrod,  J. ,  Hollander,  V.  and 

Steele,  J.M.,  ’’The  Use  of  Antipyrine  in  the  Measurement  of  Total  Body 
Water  in  Man."  Journal  of  BioloRical  Chemistry,  Vol.  179i,  pp.  31-42, 
1949. 

58.  Behnke,  A.R.  and  Wilmore,  J.H.,  Evaluation  and  ReRulation  of  Body  Build 

and  Composition.  Prentice-Hall,  Inc.  Englewood  Cliffs,  New  Jersey, 
1974. 

59.  Sheng,  H.-P.  and  Huggins,  R.A. ,  "A  Review  of  Body  Composition  Studies 

with  Emphasis  on  Total  Body  Water  and  Fat."  American  Journal  of 
Clinical  Nutrition,  Vol.  32,  pp.  630-647,  1979. 

60.  Schoeller,  D.A. ,  van  Santen,  E.,  Peterson,  D.W. ,  Dietz,  W. ,  Jaspan,  J. 

and  Klein,  P.D. ,  "Total  Body  Water  Measurement  in  Humans  With  0  and  H 
Labeled  Water."  American  Journal  of  Clinical  Nutrition,  Vol.  33, 
pp.  2686-2693,  1980. 

61.  Schoeller,  D.A. ,  Kushner,  R.F.,  Taylor,  P. ,  Dietz,  W.H.  and  Bandiiii, 

L. ,  "Measurement  of  Total  Body  Water:  isotope  Dilution  Techniques." 

In:  A.F.  Roche  (ed):  Body-Composition  Assessments  in  Youth  and  Adults, 
pp.  24-29,  Report  of  the  Sixth  Ross  Conference  on  Medical  Research. 

Ross  Laboratories,  Columbus,  Ohio,  1985. 

62.  Jones,  P.R.M.,  "A  Body  Volumeter  to  Measure  Human  Body  Density." 

Journal  of  Physio Iorv.  Vol.  222,  pp.  5-7,  1972. 

63.  Chien,  S.,  Peng,  M.T. ,  Chen,  K.P.,  Huang,  T.F. ,  Chang,  C.  and  Fang,  H.S., 

"Longitudinal  Studies  on  Adipose  Tissue  and  Its  Distribution  in  Human 
Subjects."  Journal  of  Applied  PhysioloRy,  Vol.  39,  pp.  825-830,  1975. 

64.  Siri,  W.E.,  "The  Gross  Composition  of  the  Body."  Advances  in  BioloRical 

and  Medical  Physics.  Vol.  4,  pp.  239-280,  1956. 

65.  Domermuth,  W. ,  Veum,  T.L.,  Alexander ,  M. A. ,  Hedrick,  H.B. ,  Clark,  J.  and 

Eklund,  D.  "Prediction  of  Lean  Body  Compositioti  of  Live  Market  Weight 
Swine  by  Indirect  Methods."  Joumal  of  Animal  Science.  Vol.  43,  pp. 
966-976,  1976. 

66.  Presta,  E. ,  Wang,  J. ,  Harrison,  G.G. ,  Bjorntorp,  P.,  Harker,  W.H.  and 

Van  Itallie,  T.B. ,  "Measurement  of  Total  Body  Electrical 
Conductivity:  A  New  Method  for  Estimation  of  Body  Composition." 
American  Journal  of  Clinical  Nutrition.  Vol.  37,  pp.  735-739,  1983. 


102 


67.  Klish,  W.J.,  Forbes,  G.B.,  Gordon,  A.  and  Cochran,  W.J.,  "New  method  for 

the  Estimation  of  Lean  Body  Mass  in  Infants  (EMME  Instrument): 
Validation  in  Nonhuman  Models."  Journal  of  Pediatric  GastroenteroloRy 
and  Nutrition,  Vol.  3,  pp.  199-204,  1984. 

68.  Van  Itallie,  T.B.,  Segal,  K.R. ,  Yang,  M.-U.  and  Funk,  R.C.,  "Clinical 

Assessment  of  Body  Fat  in  Adults:  Potential  Role  of  Electrical 
Impedance  Methods."  In:  A.F  Roche  (ed):  Body-Composition  Assessments 
in  Youth  and  Adults,  pp.  5-8,  Report  of  the  Sixth  Ross  Conference  on 
Medical  Research.  Ross  Laboratories,  Columbus,  Ohio,  1985. 

69.  Osserman,  S.F.,  Pitts,  G.C.,  Wilham,  W.C.  and  Behnke,  A.R. ,  "In  vivo 

Measurement  of  Body  Fat  and  Body  Water  in  a  Group  of  Normal  Men." 
Journal  of  Applied  Physiology,  Vol.  2,  pp.  633-639,  1950. 

70.  Behnke,  A.R.  and  W.E.  Siri,  "The  Estimation  of  Lean  Weight  From 

Anthropometric  and  X-ray  Measurements."  Research  Development  Technical 
Report  USNRDL-TR-203 .  Biology  and  Medicine,  1957. 

71.  Young,  C.M.,  Martin,  M.E.K.,  McCarthy,  M. ,  Marmcillo,  M.J.,  Harmuth,  E.H. 

and  Fryer,  J.H. ,  ’’Body  Composition  of  Young  Women.  Some  Preliminary 
Findings."  Journal  of  the  American  Dietetic  Association,  Vol.  38,  pp. 
332-340,  1961. 

72.  Roche,  A.F. ,  "Anthropometric  Methods:  New  and  Old,  What  They  Tell  Us." 

International  Journal  of  Obesity,  Vol.  8,  pp.  509-523,  1984. 

73.  Kissebah,  A.H. ,  Vydelingum,  N. ,  Murray,  R. ,  Evans,  D. J. ,  Hartz,  A.J., 

Kalkhoff,  R.K.  and  Adams,  P.W.,  "Relation  of  Body  Fat  Distribution  to 
Metabolic  Complications  of  Obesity."  Journal  of  Clinical  Endocrinology 
and  Metabolism,  Vol.  54,  pp.  254-260,  1982. 

74.  Himes,  J.H. ,  Roche,  A.F.  and  Webb,  P.,  "Fat  Areas  as  Estimates  of  Total 

Body  Fat.”  American  Journal  of  Clinical  Nutrition.  Vol.  33, 
pp.  2093-2100,  1980. 

75.  Heymsfield,  S.B.,  McManus,  C.,  Smith,  J.,  Stevens,  V. ,  and  Nixon,  D.W., 

"Anthropometric  Measurement  of  Muscle  Mass:  Revised  Equations  for 
Calculating  Bone-Free  Arm  Muscle  Area."  American  Journal  of  Clinical 
Nutrition,  Vol.  36,  pp.  680-690,  1982. 

76.  Brozek,  J.  and  Keys,  A.,  "The  Evaluation  of  Leanness-Fatness  in  Man: 

Norms  and  Interrelationships."  British  Journal  of  Nutrition,  Vol.  5, 
pp.  194-206,  1951. 


103 


77.  Young,  C.M,  ,  Blondin,  J.,  Tensuan,  R.  and  Fryer,  J.H. ,  ’’Body  Composition 

Studies  of  ’’Older”  Women,  Thirty  to  Seventy  Years  of  Age.”  Annals  of 
the  Mew  York  Academy  of  Science,  Vol.  110,  pp.  589-607,  1963. 

78.  Young,  C.M.  ,  Tensuan,  R.S.,  Sault,  F.  and  Holmes,  F.  ,  ’’Estimating  Body 

Fat  of  Normal  Young  Women.”  Journal  of  the  American  Dietetic 
Association.  Vol.  42,  pp.  409-413,  1963. 

79.  Parizkova,  J.  and  Buzkova,  P.,  ’’Relationship  Between  Skinfold  Thickness 

Measured  by  Harpenden  Caliper  and  Densitometric  Analysis  of  Total  Body 
Fat  in  Men.”  Human  Biology.  Vol.  43,  pp.  16-21,  1971. 

80.  Forbes,  G.B.  and  Amirhakimi,  G.H. ,  ’’Skinfold  Thickness  and  Body  Fat  in 

Children.”  Human  Biology.  Vol.  42,  pp.  401-418,  1970. 

81.  Katch,  V.L. ,  Campaigne,  B. ,  Freedson,  P. ,  Sady,  S.,  Katch,  F.I.  and 

Behnke,  A.R. ,  ’’Contribution  of  Breast  Volume  and  Weight  to  Body  Fat 
Distribution  in  Females.”  American  Journal  of  Physical  Anthropology. 
Vol.  53,  pp.  93-100,  1980. 

82.  Borkan,  G.A.,  Hults,  D.E. ,  Cardarelli,  J.  and  Burrows,  B.A. ,  ’’Comparison 

of  Ultrasound  and  Skinfold  Measurements  in  Assessment  of  Subcutaneous 
and  Total  Fatness.”  American  Journal  of  Physical  Anthropology.  Vol.  58, 
pp.  307-313,  1982. 

83.  Sloan,  A.W. ,  ’’Estimation  of  Body  Fat  in  Young  Men.”  Journal  of  Applied 

Physiology.  Vol.  23,  pp.  311-315,  1967. 

84.  Himes,  J.H.,  Roche,  A.F.  and  Siervogel,  R.M. ,  ’’Compressibility  of 

Skinfolds  and  the  Measurement  of  Subcutaneous  Fatness.”  American 
Journal  of  Clinical  Nutrition.  Vol.  32,  pp.  1734-1740,  1979. 

85.  Reynolds,  E.L. ,  ’’The  Distribution  of  Subcutaneous  Fat  in  Childhood  and 

Adolescence.”  Society  for  Research  in  Child  Development  Monographs. 

Vol.  15,  Serial  No.  50,  1951. 

86.  Fry,  E.I.,  ’’The  Measurement  of  Subcutaneous  Tissue  by  the  Harpenden 

Caliper  and  by  Surgical  Incision.”  American  Journal  of  Physical 
Anthropology.  Vol.  19,  p.  98,  1961. 

87.  B’ry,  E.I.,  ’’Subcutaneous  Tissue  Measurement  by  Caliper  and  Surgical 

Incision  in  Hong  Kong  Chinese.”  Proceedings  Nebraska  Academy  of  Science 
and  Affiliated  Societies.  Vol.  4,  1962. 

88.  Lee,  M.M.C.  and  Ng,  C.K.,  ’’Postmortem  Studies  of  Skinfold  Caliper 

Measurement  and  Actual  Thickness  of  Skin  and  Subcutaneous  Tissue.” 

Human  Biology.  Vol.  37,  pp.  91-103,  1965. 


104 


89.  Macho,  F.,  Dolezal,  A.,  Sindelarova,  L.  and  Vyhnal,  K. ,  ’’The  skinfold 

Measured  by  Caliper  and  the  Thickness  of  the  Fat.”  In:  V.V.  Novotny 
(Ed),  Proceedings  of  Anthropology  ConRress.  PraRue:  Academia  Prague,  pp. 
385-386,  1969. 

90.  Baker,  P.T. ,  Relationship  of  Desert  Heat  Stress  to  Gross  Morphology. 

Technical  Report  No.  EP-7,  United  States  Army,  Quartermaster  Research 
and  Development  Center,  Natick,  Massachusetts,  1955.  (AD  057  392) 

91.  Clarke,  H.H. ,  Geser,  L.R.  and  Hunsdon,  S.B.,  ’’Comparisons  of  Upper  Arm 

Measurements  by  Use  of  Roentgenogram  and  Anthropometric  Techniques." 
Research  Quarterly.  Vol.  27,  pp.  379-385,  1956. 

92.  Brozek,  J.  and  Mori,  H. ,  "Some  Interrelationships  Between  Somatic, 

Roentgenographic  and  Densitometric  Criteria  of  Fatness.”  Human  Biology, 
Vol.  30,  pp.  322-336,  1958. 

93.  Fletcher,  R.F. ,  ’’The  Measurement  of  Total  Body  Fat  with  Skinfold 

Calipers.”  Clinical  Science,  Vol.  22,  pp.  333-346,  1962. 

94.  Garn,  S.M.,  ’’Comparisons  of  Pinch-Caliper  and  X-Ray  Measurements  of  Skin 

plus  Subcutaneous  Fat.”  Science.  Vol.  124,  pp.  178-179,  1956. 

95.  Haymes,  E.M. ,  Lundegren,  H.A.,  Loomis,  J.L.  and  Buskirk,  E.R. ,  ’’Validity 

of  the  Ultrasonic  Technique  as  a  Method  of  Measuring  Subcutaneous 
Adipose  Tissue.”  Annals  of  Human  Biology.  Vol.  3,  pp.  245-251,  1976. 

96.  AFAMRL  Anthropometric  Data  Book.  Third  Edition  Anthropology  Research 

Project.  Yellow  Springs,  Ohio,  1982. 

97.  Malina,  R.M.  and  Roche,  A.F.,  Manual  of  Physical  Status  and 

Performance  in  Childhood.  Vol.  2  Physical  Performance.  Plenum: 

New  York,  1983. 

98.  Roche,  A.F.  and  Malina,  R.M. ,  Manual  of  Physical  Status  and  Performance 

in  Childhood.  Vol.  1.  Physical  Status.  Plenum:  New  York,  1983. 

99.  Lukaski,  H.C.,  Johnson,  P.E.,  Bolonchuk,  W.W.  and  Lykken,  G.I., 

"Assessment  of  Fat-Free  Mass  Using  Bioelectrical  Impedance  Measurements 
of  the  Human  Body.”  American  Journal  of  Clinical  Nutrition.  Vol.  41, 
pp.  810-817,  1985. 

100.  Pethig,  R. ,  Dielectric  and  Electronic  Properties  of  Biological 

Materials .  John  Wiley  &  Sons:  Chichester,  1979. 

101.  Nyboer,  J.,  "Electrorheometric  Properties  of  Tissues  and  Fluids.” 

Annals  of  the  New  York  Academy  of  Science,  Vol.  170,  pp.  410-420,  1970. 


105 


102.  Nyboer,  J.,  ’’Workable  Volume  and  Flow  Concepts  of  Biosegments  by 

Electrical  Impedance  Plethysmography.”  Journal  of  Life  Science.  Vol.  2, 
pp.  1-13,  1972. 

103.  Thomasett,  A.,  ’’Measure  du  volume  des  liquids  extra-cellularies  par  la 

methode  electro-chimique.  Signif icantion  biophysique  de  1' impedance  a  I 
kilocycle  du  corps  humaine.”  Lyon  Medicine.  Vol.  214,  pp.  131-143,  1965 

104.  Hoffer,  E.C.,  Meador,  C.K.  and  Simpson,  D.C.,  ”A  Relationship  between 

Whole  Body  Impedance  and  Total  Body  Water  Volume.”  Annals  of  the  New 
York  Academy  of  Science.  Vol.  170,  pp,  452-461,  1970. 

105.  Nyboer,  J.,  Liedtke,  R. J. ,  Reid,  K.A.  and  Gesserb,  W.A. ,  ’’Nontraumatic 

Electrical  Detection  of  Total  Body  Water  and  Density  in  Man.” 

ProceedinRS  VI  ICEBI  Conference.  Medica  Jabertina,  Supplement.  Vol.  15, 
pp.  381-  384,  1983. 

106.  Lukaski,  H.C.,  Bolonchuk,  W.W. ,  Johnson,  P.E.,  Lykken,  G.I.  and 

Sanstead,  H.H. ,  ’’Assessment  of  Fat-Free  Mass  Using  Bioelectrical 
Impedance  Measurements  of  the  Human  Body.”  Poster  at  Twenty-Fourth 
Annual  Meeting,  American  Society  of  Clinical  Nutrition,  Washington,  DC, 
May  4 ,  1984 . 

107.  Segal,  K.R.,  Gutin,  B. ,  Presta,  E.  and  Van  Itallie,  T.B.,  ’’Comparison 

with  Densitometry  of  a  Localized  Current  Injection  Method  and  a  Uniform 
Current  Induction  Method  for  Estimating  Human  Body  Composition.”  Poster 
at  Twenty-Fourth  Annual  Meeting,  American  Society  of  Clinical  Nutrition, 
Washington,  DC,  May  4,  1984. 

108.  Kushner,  R.F. ,  Schoeller,  D.A.  and  Bowman,  B.B.,  ’’Comparison  of  Total 

Body  Water  (TBW)  Determination  by  Bioelectrical  Impedance  Analysis 
(BIA).”  American  Journal  of  Clinical  Nutrition.  Vol.  39,  p.  658,  1984. 

109.  Hodgdon,  J.A.  and  Lawlor,  M.R.,  ’’Comparison  of  Whole  Body  Impedance, 

Body  Circumferences,  and  Skinfold  Thicknesses  in  the  Prediction  of  Lean 
Body  Mass.”  Medicine  and  Science  in  Sports  and  Exercise,  Vol.  17,  p. 
271,  1985. 

110.  Lawlor,  M.R. ,  Crisman,  R.P.  and  Hodgdon,  J.A.,  ’’Bioeletrical  impedance 

Analysis  as  a  Method  to  Assess  Body  Composition.”  Medicine  and  Science 
in  Sports  and  Exercise.  Vol.  17,  p.  271,  1985. 

111.  Keller,  B.  and  Katch,  F.I.,  ’’Validity  of  Bioeletrical  Resistive 

Impedance  for  Estimation  of  Body  Fat  in  Lean  Males.”  Medicine  and 
Science  in  Sports  and  Exercise.  Vol.  17,  p.  272,  1985. 


106 


112.  Miles,  D.S.  and  Stevens,  A.G. ,  ’’Body  Composition  Measured  by 

Bioelectrical  Impedance  and  Hydrostatic  Weighing.”  Medicine  and  Science 
in  Sports  and  Exercise.  Vol.  17,  pp.  272-273,  1985. 

113.  Segal,  K.R. ,  Gutin,  B. ,  Presta,  E. ,  Wang,  J.  and  Van  Itallie,  T.B. , 

"Estimation  of  Human  Body  Composition  by  Electrical  Impedance  Methods: 

A  Comparative  Study.”  Journal  of  Applied  Physiology,  Vol.  58,  pp. 
1565-1571,  1985. 

114.  Presta,  E.,  Segal,  K.R. ,  Gutin,  B. ,  Harrison,  G.G.  and  Van  Itallie,  T.B. , 

"Comparison  in  Man  of  Total  Body  Electrical  Conductivity  and  Lean  Body 
Mass  Derived  from  Body  Density:  Validation  of  a  New  Body  Composition 
Method.”  Metabolism.  Vol.  32,  pp.  524-527,  1983. 

115.  Leoppky,  J.A.,  Myhre,  L.G.,  Venters,  M.D.  and  Luft,  U.C.,  "Total  Body 

Water  and  Lean  Body  Mass  Estimated  by  Ethanol  Dilution.”  Journal  of 
Applied  PhvsioloKV.  Vol.  42,  pp.  803-808,  1977. 

116.  Bullen,  B.A. ,  Quaade,  F. ,  Olesen,  E.  and  Lund,  S.A. ,  "Ultrasonic 

Reflections  Used  for  Measuring  Subcutaneous  Fat  in  Humans.”  Human 
Biology,  Vol.  37,  pp.  377-384,  1965. 

117.  Haas,  J.D.,  Andrup,  K.E.,  Irisarri,  M. ,  Frongillo,  E.,  Jr,  Habicht,  J.-P., 

Mainigi,  K.  and  Roe,  D.A.,  The  Reliability  of  a  Portable  Ultrasonic 
Device  to  Measure  Body  Composition  in  Humans.  Final  Report  of  Phase  I 
of  the  Project.  Ultrasonic  Assessment  of  Nutritional  Status.  Submitted 
to  the  National  Cancer  Institute  in  partial  fulfillment  of  the 
requirements  for  Contract  No.  N-l-CP-85652 ,  1979. 

118.  Chumlea,  W.C.  and  A.F.  Roche,  "Ultrasonic  and  Skinfold  Measures  of 

Subcutaneous  Adipose  Tissue  Thickness  in  Elderly  Men  and  Women.” 

American  Journal  of  Physical  Anthropology.  Vol.  71,  pp.  351-358,  1986. 

119.  Booth,  R.A.D. ,  Goddard,  A.B.  and  Paton,  A.,  "Measurement  of  Fat 

Thickness  in  Man:  A  Comparison  of  Ultrasound,  Harpenden  Calipers  and 
Electrical  Conductivity.”  British  Journal  of  Nutrition.  Vol.  20, 
pp.  719-725,  1966. 

120.  Davies,  P.S.W.,  Jones,  P.R.M. ,  and  Norgan,  N.G. ,  "The  Relationship 

Between  Ultrasonic  Measurements  of  Subcutaneous  Adipose  Tissue  and  Body 
Density  in  Young  Men.”  Abstract  of  paper  presented  52nd  Meeting  Soc. 
Study  Hum.  Biol.,  London,  1982. 


107 


121. 

122. 

123. 

124. 

125. 

126. 

127. 

128. 

129 . 


Fanelli,  M.T.  and  Kuczmarski,  R. J. ,  "Ultrasound  as  an  Approach  to 

Assessing  Body  Composition."  American  Journal  of  Clinical  Nutrition. 
Vol.  39,  pp.  703-709,  1984. 

Gleim,  G.W. ,  Nicholas,  J.A.  and  Veras,  G. ,  "Measurement  of  Body 

Composition  by  Ultrasound  in  Professional  Football  Players."  Medicine 
and  Science  in  Sports,  Vol.  11,  p.  102,  1979. 

Ostrove,  S.M.  and  Volz,  P.A. ,  "Evaluation  of  Ultrasonic  Measurement  of 
Subcutaneous  Fat  Thickness  as  Measured  by  a  Portable  Ultrasonoscope  in 
Predicting  Body  Density  in  College  Age  Women."  Medicine  and  Science  in 
Sports  and  Exercise.  Vol.  14,  p.  172,  1983. 

Katch,  F.,  "Assessment  of  Lean  Body  Tissues  by  Radiography  and  by 
Bioelectrical  Impedance"  (and  Discussion  Following),  pp.  46-53,  In: 

A.F.  Roche  (ed.):  Body-Composition  Assessments  in  Youth  and  Adults. 
Report  of  the  Sixth  Ross  Conference  on  Medical  Research.  Ross 
Laboratories,  Columbus,  Ohio,  1985. 

Chumlea,  W.C. ,  Roche,  A.F.  and  Rogers,  E .,  "Replicability  for  Anthropometry 
in  the  Elderly."  Human  BioloRy,  Vol.  56,  pp.  329-337,  1984. 

Chumlea,  W.C.,  Roche,  A.F. ,  Steinbaugh,  M.L.  and  Mukherjee,  D.,  "Errors  of 
Measurement  for  Methods  of  Recumbent  Nutritional  Anthropometry  in  the 
Elderly."  Journal  of  Nutrition  for  the  Elderly,  Vol.  5,  pp.  5-11,  1985. 

Womersley,  J.  and  Durnin,  J.V.G.A.,  "The  Assessment  of  Obesity  from 
Measurements  of  Skinfold  Thickness,  Limb  Circumferences,  Height  and 
Weight . "  In :  The  Regulation  of  the  Adipose  Tissue  Mass.  ProceedinRS 
of  the  IV  International  Meeting  of  EndocrinoloRy .  Marseilles,  July 
10-12,  pp.  234-237,  1973. 

Bouchard,  C.,  "Reproducibility  of  Body-Composition  and  Adipose  Tissue 
Measurements  in  Humans,"  pp.  9-13,  In:  A.F.  Roche  (ed) : 

Body-Compos it ion  Assessments  in  Youth  and  Adults.  Report  of  the  Sixth 
Ross  Conference  on  Medical  Research.  Ross  Laboratories,  Columbus,  Ohio, 
1985. 

Hunt,  E.E. ,  Jr.,  "Measures  of  Adiposity  and  Muscularity  in  Man.  Some 
Comparisons  by  Factor  Analysis,"  pp.  192-211,  in:  Techniques  for 
Measuring  Body  Composition,  J.  Brozek  and  A.  Henschel,  eds.  National 
Academy  of  Science  Natural  Resource  Council,  Washington,  D.C.,  1961. 


108 


130.  Johnston,  F.E. ,  Hamill,  P.V.V.  and  Lemeshow,  S.,  ’’Skinfold  Thickness  of 

Children  6-11  Years."  Vital  and  Health  Statistics,  Series  11,  No.  120, 
U.S.  Government  Printing  Office,  Washington,  D.C.,  1972. 

131.  Johnston,  F.E.,  Hamill,  P.V.V.  and  Lemeshow,  S.,  "Skinfold  Thickness  of 

Youths  12-17  Years."  Vital  and  Health  Statistics.  Series  11,  No.  132, 
U.S.  Government  Printing  Office,  Washington,  D.C.,  1974. 

132.  Heald,  F.P.,  Hunt,  E.E.,  Jr.,  Schwartz,  R. ,  Cook,  C.,  Elliott,  0.  and 

Vajda,  B. ,  "Measures  of  Body  Fat  and  Hydration  in  Adolescent  Boys." 
Pediatrics ,  Vol.  31,  pp.  226-239,  1963. 

133.  Edwards,  D.A.W. ,  Hammond,  W.H. ,  Healy,  M.J.R.,  Tanner,  J.M.  and 

Whitehouse,  R.H. ,  "Design  and  Accuracy  of  Calipers  for  Measuring 
Subcutaneous  Tissue  Thickness."  British  Journal  of  Nutrition.  Vol.  9, 
pp.  133-143,  1955. 

134.  Piechaczek,  H. ,  "Estimation  of  Total  Body  Fat  by  Densitometric  and 

Anthropometric  Methods."  Studies  in  Physical  Anthropology.  No.  2,  pp. 
33-45,  1975. 

135.  Satwanti,  K.M. ,  Bharadwaj ,  H.  and  Singh,  P.I.,  "Relationship  of  Body 

Density  to  Body  Measurements  in  Young  Punjabi  Women:  Applicability  of 
Body  Composition  Prediction  Equations  Developed  for  Women  of  European 
Descent."  Human  BioloRV.  Vol.  49,  pp.  203-213,  1977. 

136.  Akers,  R.  and  Buskirk,  E.R.,  "An  Underwater  Weighing  System  Utilizing 

"force  cube"  Transducers."  Journal  of  Applied  Physiology,  Vol.  26,  pp. 
649-652,  1969. 

137.  Marks,  C.,  Katch,  V.,  Becque,  M.D.  and  Bailor,  D.L.,  "Bio-Variability 

in  Residual  Lung  Volume:  Effects  on  Body  Fat  Calculations."  Medicine 
and  Science  in  Sports  and  Exercise.  Vol.  17,  p.  203,  1985. 

138.  Cohn,  S.H.,  "Discussion  of  Lean  Body  Tissues,"  pp. 71-72,  In:  A.F.  Roche 

(ed):  Body-Composition  Assessments  in  Youth  and  Adults.  Report  of  the 
Sixth  Ross  Conference  on  Medical  Research.  Ross  Laboratories,  Columbus 
Ohio,  1985. 

139.  Lohman,  T.G. ,  Slaughter,  M.H. ,  Boileau,  R. A. ,  Stillman,  R.J.,  Van  Loan, 

M. ,  Horswill,  C.A.  and  Wilmore,  J.H.,  "Changes  in  the  Relation  of 
Skinfolds  to  Body  Density  with  Maturation."  Human  Biology.  Vol.  56 ,  pp 
681-689,  1984. 


109 


140. 


Steinkamp,  R.C.,  Cohen,  N.L.,  Gaffey,  W.R.,  McKey,  T. ,  Bron,  G.,  Siri, 

W.E.,  Sargent,  T.W. ,  and  Isaacs,  E.,  "Measures  of  Body  Fat  and  Related 
Factors  in  Normal  Adults — II.  A  Simple  Clinical  Method  to  Estimate  Body 
Fat  and  Lean  Body  Mass."  Journal  of  Chronic  Diseases,  Vol,  18,  pp. 
1291-1307,  1965. 

141.  Morgan,  N.G.  and  Ferro-Luzzi,  A.,  "The  Estimation  of  Body  Density  in  Men: 

Are  General  Equations  General?"  Annals  of  Human  BioloRy,  Vol.  12,  1-16, 
1985. 

142.  Buskirk,  E.R.,  Relationships  in  Man  Between  the  Maximal  OxyRen  Intake  and 

Components  of  Body  Composition.  Ph.D.  Thesis.  University  of  Minnesota, 
Minneapolis,  MN,  1953. 

143.  Thomas,  C.B. ,  "Some  Observations  on  the  Relationship  Between  Weight  Changes 

Following  Sodium  Restriction  and  Those  Associated  with  the  Menstrual 
Cycle  in  Normal  Young  Women."  Annals  of  Internal  Medicine.  Vol.  39,  pp. 
289-306,  1953. 

144.  Robinson,  M.F.  and  Watson,  P.E. ,  "Day-to-Day  Variations  in  Body  Weight  of 

Young  Women."  British  Journal  of  Nutrition.  Vol.  19,  pp,  225-235,  1965. 

145.  Chesley,  L.C.  and  Helman,  L.M.,  "Variations  in  Body  Weight  and  Salivary 

Sodium  in  the  Menstrual  Cycle."  American  Journal  of  Obstetrics  and 
GynecoloRV,  Vol.  74,  pp.  582-590,  1957. 

146.  Taggart,  N.,  "Diet,  Activity  and  Body-Weight.  A  Study  of  Variations  in  a 

Woman.”  British  Journal  of  Nutrition,  Vol.  16,  pp.  223-235,  1962. 

147.  Khosla,  T. ,  and  Billewicz,  W.Z.  "Measurement  of  Change  in  Body-Weight." 

British  Journal  of  Nutrition.  Vol.  18,  pp.  227-239,  1964. 

148.  Byrd,  P.J.,  and  Thomas,  T.R.,  "Hydrostatic  Weighing  During  Different  Stages 

of  the  Menstrual  Cycle."  Research  Quarterly  for  Exercise  and  Sport, 

Vol.  54,  pp.  296-298,  1983. 

149.  Preedy,  J.R.K.  and  Aitken,  E.H.,  "The  Effect  of  Estrogen  on  Water  and 

Electrolyte  Metabolism:  I.  The  Normal."  Journal  of  Clinical 
InvestiRation .  Vol.  35,  pp.  423-429,  1956. 

150.  Verbal  Communication  from  RJL  Systems,  930  Whittier,  Detroit,  MI, 

(08-30-85) . 

151.  Landau,  R.L.  and  Lugibihl,  K. ,  "Inhibition  of  the  Sodium- Retaining 

Influence  of  Aldosterone  by  Progesterone.”  Journal  of  C linical 
EndocrinoloRy  and  Metabolism,  Vol.  18,  pp.  1237-1245,  1958. 

110 


152.  Landau,  R.L.  and  Lugibihl,  K. ,  "Catabolic  and  Natriuretic  Effects  of 

Progesterone  in  Man. "Recent  Progress  In  Hormone  Research,  Vol.  17,  pp. 
249-292,  1961. 

153.  Oelkers,  W. ,  Schoneshofer ,  M.  and  Blumel,  A.,  "Effects  of  Progesterone 

and  Four  Synthetic  Progestagens  on  Sodium  Balance  and  the 
Renin-Aldosterone  System  in  Man."  Journal  of  Clinical  Endocrinology  and 
Metabolism.  Vol.  39,  pp.  882-890,  1974. 

154.  Munday,  M.R. ,  Brush,  M.G.  and  Taylor,  R.W. ,  "Correlations  Between 

Progesterone,  Oestradiol  and  Aldosterone  Levels  in  the  Premenstrual 
Syndrome."  Clinical  EndocrinoloRy .  Vol.  14,  pp.  1-9,  1981. 

155.  Varma,  T.R. ,  "Hormones  and  Electrolytes  in  Premenstrual  Syndrome." 

International  Journal  of  Gynaecology  and  Obstetrics,  Vol.  22,  pp.  51-58, 
1984. 

156.  Reich,  M. ,  "The  Variations  in  Urinary  Aldosterone  Levels  in  Normal 

Females  During  the  Menstrual  Cycle."  Australian  Annals  of  Medicine. 

Vol.  11,  pp.  41-49,  1962. 

157.  Munday,  M. ,  "Hormone  Levels  in  Severe  Premenstrual  Tension."  Current 

Medical  Research  and  Opinion.  Vol.  4,  pp.  16-22,  1977. 

158.  Laragh,  J.H. ,  "Renin,  Angiotensin,  Aldosterone  and  Hormonal  Regulation 

of  Arterial  Pressure  and  Salt  Balance."  Federation  Proceedings .  Vol. 

26,  39-41,  1967. 

159.  Gray,  M.J.,  Strausfeld,  K.S.,  Watanabe,  M. ,  Sims,  E.A.H.  and  Solomon,  S., 

"Aldosterone  Secretory  Rates  in  the  Normal  Menstrual  Cycle."  Journal  of 
Clinical  Endocrinology  and  Metabolism.  Vol.  28,  pp.  1269-1275,  1968. 

160.  Thorn,  G.W. ,  Nelson,  K.R. ,  and  Thorn,  D.W. ,  "A  Study  of  the  Mechanism 

of  Edema  Associated  with  Menstruation."  Endocrinology «  Vol.  22, 

155-163,  1938. 

161.  Bruce,  J.  and  Russel,  G.F.M.,  "Premenstrual  Tension.  A  Study  of  Weight 

Changes  and  Balances  of  Water,  Sodium,  and  Potassium."  Lancet .  Vol.  2, 
pp.  267-271,  1962. 

162.  Abramson,  M.  and  Torqhele,  J.R.,  "Weight,  Temperature  Changes  and 

Psychosomatic  Symptomatology  in  Relation  to  the  Menstrual  Cycle." 
American  Journal  of  Obstetrics  and  Gynecology.  Vol.  81,  pp.  223-232, 
1961. 


Ill 


163. 

164. 

165. 

166. 

167. 

168. 

169. 

170. 

171. 

172. 

173. 

174. 


Watson,  P.E. ,  and  Robinson,  M. ,  ’’Variations  in  Body  Weight  of  Young 

Women  During  the  Menstrual  Cycle.”  British  Journal  of  Nutrition.  Vol. 
19,  pp.  237-248,  1965. 

Golub,  L.J.,  Menduke,  H. ,  and  Conley,  S.S.,  ’’Weight  Changes  in  College 
Women  During  the  Menstrual  Cycle.”  American  Journal  of  Obstetrics  and 
Gynecology.  Vol.  91,  pp.  89-94,  1965. 

Janowsky,  D.S.,  Berens,  S.C.,  and  Davis,  J.M. ,  ’’Correlations  Between 
Mood,  Weight,  and  Electrolytes  During  the  Menstrual  Cycle:  A 
Renin- Angiotensin-Aldosterone  Hypothesis  of  Premenstrual  Tension.” 
Psychosomatic  Medicine.  Vol.  35,  pp.  143-154,  1973. 

Vague,  J.,  ’’The  Degree  of  Masculine  Differentiation  of  Obesities:  A 

Factor  Determining  Predisposition  to  Diabetes,  Atherosclerosis,  Gout  and 
Uric  Calculous  Disease.”  Americal  Journal  of  Clinical  Nutrition.  Vol. 

4,  pp.  20-34,  1956. 

Feldman,  R. ,  Sender,  A.J.  and  Siegelaub,  A.B.,  ’’Difference  in  Diabetic 
and  Non-Diabetic  Fat  Distribution  Patterns  by  Skinfold  Measurements.” 
Diabetes .  Vol.  18,  pp.  478-486,  1969. 

Haas,  J.D. ,  Frongillo,  E.,  Jr.,  Andrup,  K. ,  Mainigi,  K. ,  Roe,  D.A.  and 
But tell,  L. ,  Sensitivity  of  the  Ithaco  Ultrasonic  Body  Composition 
Meter.  Final  Report  for  the  Pro.iect  ’’Ultrasonic  Assessment  of 
Nutritional  Status”.  Submitted  to  the  National  Cancer  Institute  for 
Contract  No.  N01-CP=85652 .  Cornell  University,  New  York,  1981. 

Lehman,  T.G. ,  ’’Telephone  Communication  Concerning  Research  Work  in 
Progress  on  Body  Composition.”  Department  of  Sports  Sciences, 

University  of  Arizona,  Tucson,  10  June  1985. 

Crile,  G. ,  The  Phenomena  of  Life.  W.W.  Norton  and  Co.,  New  York, 

New  York,  1936 . 

Adam,  J.M.,  Best,  T.W.,  and  Edholm,  O.G. ,  ’’Weight  Changes  in  Young  Men.” 

Journal  of  Physiology.  Vol.  154,  p.  38P,  1961. 

Durnin,  J.V.G.A. ,  ’’Basic  Physiological  Factors  Affecting  Calorie  Balance.” 

Proceedings  of  the  Nutrition  Society.  Vol.  20,  pp.  52-58,  1961. 

Edholm,  O.G.  Energy  Expenditure  and  Caloric  Intake  in  Young  Men. 

Proceedings  of  the  Nutrition  Society.  Vol.  20,  pp.  71-76,  1961. 

Edholm,  O.G.,  Adam,  J.M.,  Healy,  M.J.R.,  Wolff,  H.S.,  Goldsmith,  R. ,  and 
Best,  T.W.,  ’’Food  Intake  and  Energy  Expenditure  on  Army  Recruits.” 
British  Journal  of  Nutrition.  Vol.  24,  pp.  1091-1107,  1970. 


112 


175.  Elkington,  J.R.,  and  Danowski,  T.S.,  •*The  Body  Fluids."  Baltimore:  Williams 

&  Wilkins  Company,  p.  26,  1955. 

176.  Stephens,  M.A. ,  ”EDF  Statistics  for  Goodness  of  Fit  and  Some 

Comparisons."  Journal  of  American  Statistical  Association,  Vol.  69,  pp. 
730-737,  1974. 

177.  Snedecor,  G.W.  and  Cochran,  W.G. ,  Statistical  Methods,  The  Iowa  State 

University  Press,  Ames,  Iowa,  1980. 

178.  Anderson,  V.L.  and  McLean,  R.A. ,  PesiRn  of  Experiments,  Marcel  Dekker, 

Inc.,  New  York,  New  York,  1974. 

179.  Mallows,  C.L.,  "Some  Comments  on  C(P)."  Technometrics ,  Vol.  15,  pp. 

661-675,  1973. 

180.  Chatterjee,  S.  and  Price,  B. ,  Regress ion  Analysis  by  Example.  John 

Wiley  &  Sons,  Inc.,  New  York,  New  York,  1977. 

181.  Cochrane,  D.  and  Orcutt,  G.H. ,  "Application  of  Least  Squares  Regression  to 

Relationships  Containing  Autocorrelated  Error  Terms".  Journal  of  the 
American  Statistical  Association,  Vol.  44,  pp.  32-61,  1974. 


113 


ABBREVIATIONS 


BIA  =  Bioelectrical  Impedance  Analyzer 
BD  =  body  density  (gm/ cm  ) 

BF  =  body  fat 

CV  =  coefficient  of  variation 

C(p)  =  Mallows*  C(p)  -  see  Appendix  F 

CR  -  coefficient  of  reliability 

d  =  Durbin-Watson  statistic 

D  =  Komo Igor ov- Smirnov  statistic 

df  =  degrees  of  freedom 

FFM  =  fat  free  mass  (kg) 

K  =  potassium 

LBM  =  lean  body  mass  (kg) 

N  -  sample  size 
p  =  probability 

R  =  multiple  correlation  coefficient 

r  =  simple  correlation  coefficient 
RMSE  =  root  mean  square  error 
RV  =  residual  lung  volume  (L) 

S  =  stature  (cm) 

SD  =  standard  deviation 

SE  =  standard  error 

SEE  =  standard  error  of  the  estimate 

TBF  =  total  body  fat 

TBW  =  total  body  water  (L) 

TE  =  technical  error  of  measurement 
TOBEC  =  total  body  electrical  conductivity 
VIF  =  variance  inflation  factor 
Z  =  impedance  (ohms) 
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APPENDIX  A. 

Informed  Consent 
U.S.  Army  Body  Composition 
Division  of  Human  Biology 

Please  read  all  of  this  statement  before  signing  or  initialling  any  of  the 
spaces  provided.  Your  consent  does  not  obligate  you  to  participate,  but  is  a 
simple  statement  of  your  intention  to  participate.  Please  initial  the  procedures 
to  which  you  are  willing  to  give  your  consent. 

Description  of  Procedures 

Our  purpose  in  this  research  is  to  determine  the  most  accurate  methods  for 
measuring  fat  in  the  human  body.  Valid  measures  of  the  human  body  are  needed  so 
that  accurate  assessments  of  nutritional  status  can  be  made. 

In  order  to  measure  your  body,  you  may  be  asked  to  wear  a  minimal  amount  of 
clothing;  for  example,  shorts  for  men  and  a  paper  gown  for  women.  These 
measurements  will  be  made  in  a  private  place.  All  changing  of  clothes  will  be  in 
private. 

Anthropometry 

You  will  be  asked  to  allow  certain  measurements  of  the  fat  on  your  body. 
Measurements  of  the  thickness  of  fat  under  your  skin  will  be  taken  at  the  back 
and  front  of  the  upper  arm,  the  back  of  the  body,  side  of  the  chest,  stomach, 
above  the  hip,  front  of  the  thigh  and  side  of  your  calf.  Fat  under  the  skin  will 
be  measured  at  these  locations  using  skinfold  calipers.  These  calipers  press 
lightly  on  the  skin,  and  no  harm  or  mark  is  associated  with  their  use.  A  measure 
of  stature,  weight  and  circumference  of  the  arm  and  calf  will  be  collected  also. 

Initials  _ _ _ _ 

Date _ 
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Ultrasound 

You  will  also  be  asked  to  allow  a  few  ultrasonic  measures  of  the  fat  on  your 
body.  These  measurements  use  high  frequency  sound  that  is  reflected  from  differ¬ 
ent  tissues  in  your  body;  it  is  similar  in  principle  to  sonar  used  to  detect 
submarines.  Ultrasonic  measurements  are  not  painful;  they  are  not  radioactive, 
and  there  is  no  risk  associated  with  their  use  for  this  purpose.  Ultrasonic 
measurements  will  be  made  at  the  following  places  on  your  body:  the  front  and 
back  of  the  upper  arm,  the  front  of  the  thigh,  the  side  of  the  calf,  the  front, 
back  and  side  of  the  chest,  the  stomach  and  from  the  buttocks. 

Initials 

Date  '  . 

Bioelectric  Impedance 

We  wish  to  measure  the  amount  of  waiter  in  your  body  by  means  of 
bioelectrical  impedance.  A  very  small  electric  current  will  be  passed  through 
your  body,  and  the  resistance  or  impedance  of  your  body  to  this  ourrent  will  be 
measured.  There  is  no  feeling  or  sexisation  associated  with  this  test.  You  will 
not  receive  an  electrical  shock,  fwo  electrodes  will  be  attached  to  your  right 
hand  and  two  to  your  right  foot.  Wires  will  be  attached  to  the  electrodes  aud 
your  body’s  impedance  measured.  You  will  lie  down  during  this  procedure  which 
takes  less  than  five  minutes.  There  are  no  known  risks  associated  with  this 
procedure. 

Initials  _ _  ^  " 


Underwater  Weiftht  and  Residual  Volume 

In  order  to  measure  the  residual  volume  of  your  lungs  you  will  be  asked  to 
insert  a  breathing  tube  in  your  mouth,  clip  your  nostrils,  and  breath  oxygen  in 
and  out  several  times.  It  will  not  be  difficult,  and  you  will  be  able  to 
practice  before  the  measurement.  This  procedure  will  determine  how  much  air 
remains  in  your  lungs  when  you  have  fully  exhaled.  This  will  take  about  five 
minutes . 

For  the  underwater  weight,  you  will  need  to  sit  quietly  in  a  special  chair 
suspended  from  a  scale  so  that  your  head  is  just  above  the  water  surface.  You 
will  exhale  all  the  air  you  can  and  lean  forward  while  holding  on  to  the  chair 
and  completely  submerge  your  head.  You  must  hold  this  position,  at  the  most,  for 
15  seconds  while  your  weight  is  read  from  the  scale.  You  will  need  to  repeat  the 
maneuver  about  ten  times  for  each  observer  to  ensure  an  accurate  weight  reading. 

The  underwater  weight  will  be  performed  in  a  tank  of  warm  water  about  4  feet 
deep,  but  you  do  not  need  to  know  how  to  swim,  and  trained  researchers  will  always 
be  there  to  help  you  in  and  out  of  the  tank.  You  will  get  a  chance  to  practice 
this  procedure  until  you  feel  secure  about  doing  it.  There  is  little  risk 
associated  with  these  procedures. 

Initials  _ _ 

Date  _ _ _ 
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A.11  of  these  procedures  will  take  about  1  hour  and  will  be  conducted  on  the 
same  day  with  as  little  inconvenience  to  you  as  possible.  You  will  be  paid  $20.00 
to  partially  compensate  you  for  your  time.  These  tests  will  not  necessarily 
benefit  you  directly,  but  they  will  provide  important  data  that  will  increase  our 
understanding  of  the  distribution  of  fat  in  normal  individuals.  This  will  lead 
to  improved  treatment  of  those  with  problems  of  fatness.  All  the  data  gathered 
about  you  will  be  treated  confidentially.  At  the  end  of  the  study,  you  will 
receive  a  statement  regarding  your  body  fatness  level.  If  any  questions  arise 
concerning  these  procedures  at  a  later  time,  please  call  Dr.  Cameron  Chumlea, 
513-767-7324. 

Reasonable  and  immediate  medical  attention,  as  exemplified  by  the  services 
of  the  Wright  State  University  Student  Health  Center,  will  be  provided  for 
physical  injury  caused  directly  by  participating  in  these  procedures.  Any 
financial  compensation  for  such  physical  injury  will  be  at  the  option  of  Wright 
State  University  and  decided  on  a  case--by-case  basis.  Additional  information  can 
be  obtained  from  the  Manager  of  Insurance,  873-2566. 
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CONSENT  OF  PARTICIPANT 

I  have  read  and  understand  the  above  information,  and  all  my  questions 
regarding  these  procedures  have  been  answered.  I  further  understand  that  I  may 
withdraw  from  participation  in  these  procedures  at  any  time.  My  signature  on 
this  form  in  no  way  obligates  me  to  participate;  it  is  simply  a  statement  of  my 
present  intention  to  participate  in  those  procedures  I  have  initialled  as  of  this 
date,  and  that  the  details  of  the  procedures,  including  risks  and  benefits,  have 
been  explained  and  that  I  understand  them. 


Witness 


Signature  of  Participant 
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Informed  Consent 
Fels  Research  Institute 
Menstrual  Variation 

Please  read  all  of  this  statement  before  signing  or  initialling  any  of  the 
spaces  provided.  Your  consent  does  not  obligate  you  to  participate,  but  is  a 
simple  statement  of  your  intention  to  participate. 

Description  of  Procedures 

Our  purpose  in  this  research  is  to  determine  if  measures  of  fat  in  the  human 
body  change  in  relation  to  the  menstrual  cycle.  Valid  measures  of  the  human  body 
are  needed  so  that  accurate  assessments  of  nutritional  status  can  be  made. 

In  order  to  measure  your  body,  you  may  be  asked  to  wear  loose  clothing  and  no 
jewelry*  These  measurements  will  be  made  in  a  private  place.  There  will  be  no 
undressing  required. 

Bioelectric  Impedance 

We  wish  to  measure  the  amount  of  water  in  your  body  by  means  of  bioelectrical 
impedance.  A  very  small  electric  current  will  be  passed  through  your  body,  and  the 
resistance  or  impedance  of  your  body  to  this  current  will  be  measured.  There  is  no 
feeling  or  sensation  associated  with  this  test.  You  will  not  receive  an  electrical 
shock.  Two  electrodes  will  be  attached  to  your  right  hand  and  two  to  your  right 
foot.  Wires  will  be  attached  to  the  electrodes  and  your  body’s  impedance 
measured.  You  will  lie  down  during  this  procedure  which  takes  less  than  five 
minutes.  There  are  no  known  risks  associated  with  this  procedure. 

This  procedure  will  be  conducted  once  at  a  mutually  agreed  upon  but  fixed  time 
of  day,  each  day  for  35  days.  This  includes  Saturdays,  Sundays  and  holidays. 

During  this  time  you  will  be  asked  to  keep  a  diary  of  your  daily  activities.  You 
will  receive  $10,00  a  day  to  partially  compensate  you  for  your  time. 

These  tests  will  not  necessarily  benefit  you  directly,  but  they  will  provide 
important  data  that  will  increase  our  understanding  of  the  distribution  of  fat  in 
normal  individuals.  This  will  lead  to  improved  treatment  of  those  with  problems  of 
fatness.  All  the  data  gathered  about  you  will  be  treated  confidentially.  If  any 
questions  arise  concerning  these  procedures  at  a  later  time,  please  call 
Dr.  Cameron  Chumlea,  513-767-7324. 


124 


Reasonable  and  immediate  medical  attention,  as  exemplified  by  the  services 
of  the  Wright  State  University  Student  Health  Center,  will  be  provided  for 
physical  injury  caused  directly  by  participating  in  these  procedures.  Any 
financial  compensation  for  such  physical  injury  will  be  at  the  option  of  Wright 
State  University,  and  decided  on  a  case-by-case  basis.  Additional  information 
can  be  obtained  from  the  Manager  of  Insurance,  873-2566. 
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CONSENT  OF  PARTICIPANT 


I  have  read  and  understand  the  above  information,  and  all  my  questions 
regarding  these  procedures  have  been  answered.  I  further  understand  that  I  may 
withdraw  from  participation  in  these  procedures  at  any  time.  My  signature  on 
this  form  in  no  way  obligates  me  to  participate;  it  is  simply  a  statement  of  my 
present  intention  to  participate  in  those  procedures,  including  its  risks  and 
benefits,  have  been  explained,  and  that  I  understand  them. 


Witness  Signature  of  Participant 


Investigator 


Date 


APPENDIX, A.  (continued) 

GYNECOLOGICAL  HEALTH  QUESTIONNAIRE 
UiS.  ARMY  BODY  COMPOSITION  STUDY 
DIVISION  OF  HUMAN  BIOLOGY 

NAME:  __ 

VISIT  DATE: 

DIRTIIDAl’E: 

RACE:  __ 

1.  Are  you  still  having  menstrual  periDc3s  ?  Yes  _  No 

A.  If  your  answer  is  no,  when  did  you  have  your  last  period  ? 

Month  day  year 

B,  If  your  answer  is  yes,  is  there  any  irregularity  in  the  onset  or  length 

of  your  period  ?  Yes  No  _ _ 

1.  If  yes,  please  explain. 
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3.  Are  you  now,  or  in  tlie  past,  have  you  used  or  taken  any  of  tlie  following  ? 


A.  lUD 

:  Yes  No 

1. 

Date  started:  Month 

day 

year 

2. 

Date  stopped:  Montli 

day 

year 

3. 

Why  did  you  step  ? 

4. 

Kind  or  brand  name 

B.  Oral  contraceptive:  Yes 

No 

1. 

Date  started:  Month 

day 

year 

2. 

Date  stepped:  Month 

day 

year 

3. 

Why  did  you  stop  ? 

4. 

Kind  or  brand  name 

C.  Estrogens  or  other  hormohes  following  menopause. 

Yes 

No 

1. 

Date  started:  Month 

day 

year 

2. 

Date  stopped:  Month 

day 

year 

3. 

Why  did  you  stop  ? 

4. 

Kind  or  brand  name 

4.  Do  you  experienoe  any  of  the  following  that  cure  associated  with  your 
menstrual  cycle  ? 

A.  Water  retentim  Yes  _  No 

1.  If  yes,  please  explain, 
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B.  Weight  gain  Yes 


No 


1.  If  yes,  please  explain. 


C,  Change  in  breast  size,  disconfort  or  cx>ndition  Yes 
1.  If  yes,  please  lain. 


No 


D.  Hot  flashes  Yes 


No 


1.  If  yes,  please  explain. 


E.  Vaginal  changes  Yes 


No 


1.  If  yes,  please  ej^lain. 


5.  Is  there  any  otlier  information  about  your  gynecx)lajical  health  in  the  past  6 
months  tliat  you  wish  to  have  placed  in  your  records  ? 
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DIVISION  OF  HUMAN  BIOLOGY 
ALCOHOL  AND  TOBACCO  CONSUMPTION 

Participant  Number  _ _ Visit  Date  X  =  Unkndvni 

1.  How  frequently  do  you  drink?  (If  you  answer  "0”  please  go  to  No.  6) 
0=never  l=a  few  times  per  year  2=about  once  a  month 

3=about  once  a  week  4=almost  every  day 

2.  About  how  much  do  you  drink  on  these  occasions?  (A  drink  equals  a  whole 
bottle  of  beer,  a  4  oz.  glass  of  wine,  1  oz.  of  liquor,  or  1  cocktail  or 
mixed  drink) . 

0=less  than  a  full  drink.  Give  number  of  drinks. 

How  often  do  you  drink  the  following? 

0=never  l=occasionally  2=aibout  half  the  time  3=usually 

3 .  beer 

4 .  wine 

5.  liquor  (mixed  drink  or  cocktail) 

6.  Have  you  ever  regularly  smoked  cigarettes  during  any  period  of  your  lifOi 
aside  from  possibly  trying  them  a  few  times?  (If  you  ansv/er  is  "0" 
please  go  to  question  No.  17). 

0=no  l=yes 

7.  Do  you  currently  smoke? 

0=no  l=yes 

8.  How  many  years  of  your  life  have  you  smoked  cigarettes  in  any  amount? 

l=under  1  or  1,  2=2,  3=3,  etc. 

9.  At  what  age  did  you  first  become  a  daily  cigarette  smoker? 

(years  of  age) 

10.  Have  you  smoked  for  at  least  one  year  during  the  past  two  years? 

0=no  l=yes 

11.  What  is  the  approximate  number  of  cigarettes  you  currently  smoke  every 
day  (20  per  pack)? 
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12.  What  type  of  cigarettes  do  you  smoke?  0=filtered  l=nonfiltered 

13.  Size  l=regular  2=king  3=100mm 

14.  Tar  O=low  tar  l=high  tar 

15.  When  you  smoke  cigarettes,  how  deeply  do  you  usually  draw  in  the  smoke? 

0=draw  into  mouth  or  just  puff 
l=inhale  only  a  few  puffs  of  each  cigarette 
2=inhale  only  a  few  puffs  of  some  cigarettes 
3=inhale  almost  every  puff  of  each  cigarette 

16.  How  much  of  your  cigarette  burns  without  your  smoking  it? 

0=a  great  deal  l=a  moderate  amount  2=very  little 

17.  Do  you  freguent  or  work  in  an  environment  (including  your  household) 
where  many  people  smoke?  0=no  l=yes 

18.  Do  you  smoke  a  pipe?  (If  your  answer  is  "0"  then  go  to  question  No,  22) 

0=no  l=yes 

19.  How  often  do  you  smoke  a  pipe?  (give  number  of  times  daily) 

20.  With  pipes,  how  deeply  do  you  inhale? 

0=do  not  inhale  ls=partly  into  the  chest  2=deeply  into  the  chest 

21.  With  pipes,  how  often  do  you  inhale? 

0=not  usually  l=a  few  puffs  from  each  pipe  2=most  puffs  from  each  pipe 

22.  Do  you  smoke  cigars?  0=no  l=yes 

23.  How  often  do  you  smoke  cigars?  (give  number  of  times  per  day) 

24.  With  cigars,  how  deeply  do  you  inhale? 

0=do  not  inhale  l=partly  into  the  chest  2=deeply  into  the  chest 

25.  With  cigars,  how  often  do  you  inhale? 

0=not  usually  l=a  few  puffs  from  each  cigar  2=most  puffs  from  each 

cigar 

26.  EXd  you  currently  use  any  of  the  following  regularly: 

Chewing  tobacco  (give  number/day) 

Snuff  (give  number/day) 
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DIVISION  OF  HUMAN  BIOLOGY 
Department  of  Pediatrics 
Anthropometry  Data  Sheet 
Pels  Longitudinal  Study 


Name 


Birthdate 


No 


Date 

Age 


Wt.  in  Kg. (-.1) 
Recumbent  length 
Sitting  height (-.50) 
Standing  height 
Chest  circum. 
Abdominal  circum. 
Calf  circum. 

Elbow  breadth 
Bicristal  breadth  . 
Arm  circum. 

Skinfold  jaw 
Skf.  triceps 
Skf.  subscap. 

Skf.  biceps 
Skf.  ant.  chest 
Skf.  midax.  h. 

Skf.  suprailiac 
Skf.  lat.  calf 
Knee  breadth 
Biacromial  breadth 
Head  circum. 
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lI^lJSTRllAr.  VAUr. A'1  1  ON  QUES'i'ia'JN AT  ly-’. 


(TO  BN  m^M-.VED  imiLY) 


NAME:  ___ 
VISIT  dait:: 


BIFTHDATE; 


RACE: 


TIME:  HOUR  MINUTE  A.M. 

_  _  P.M. 

INTERVAL  FROM  LAST  DRINK:  ■  (HR.) 

INTERVAL  FROM  LAST  MEAL  :  _ (^R. ) 

1.  Is  wiiat  you  ate. yesterday  tJie  v/ay  you  normally  eat  ? 

1  =  YES  _ _  2  =  NO  _ 

2,  In  what  way  was  what  you  ate  yesterday  different  fron  usual  ? 


Please  check  any  of  the  following  drugs  or  medications  which  you  have  taken 
in  the  past  24  hours  and  indicate  the  amount  taken  and  the  number  of  hours 
which  have  elapsed  since  you  last  took  it. 

YES  =  1  NO  =  2  Specify  ^ 

_ _  Aspirin,  Dufferin,  etc. 

_ _  7\spirin  substitute  (Tylenol) 

_  Stronger  pain  reliever 

(Darvon,  Exoedrin,  etc.) 

Laxatives 


Medicine  for  indigestion 


YES  =1  NO  =  2 

Tranquilizers 

Sleeping  pills 

Pep  pills  (Dexadrine, 

£niphe teimines ,  "  ippers  " ) 

Beer 

Wine 

Liquor 

Coffee  (not  de-caff einated) 
Tea 

aiooolate 

Cola  (Pepsi,  Coke,  PC,etc.) 
Diet  pills 

Otlier  non-prescription 
medicine  or  stimulant 


Sped  fy 


ITS. 


_______  Vitanins 

Have  you  taken  any  other  prescription  medicine  in  the  past  24  hours? 
_  Digitalis  (heart  pills) 

______  Nitrites  (nitroglycerine)  _ _  , 

_ _  Quinidine  or  proanamide 

_____  Diuretics-  (water  pills)  ___________ 

_ _  Hypotensives 

'  Thyroid 

_ _ _  Anti-thyroid  _ _ 

Anticocigulants 

, _  Antibiotics  ^ _ 

.  Insulin 

_______  Other,  si)ecify  _ 
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VARTA'l’IOII  QlESTiaNlNA.IPl‘: 

(TIIE  TOLLOWING  QIESTIONS  I'JEED  ^I’O  Bni  mSVmW.D  IIU-:  FIRST  DAY  ONLY  ) 

NAPE:  _ _ _ _ _ _  _ 

VISIT  D7VTE:  _  AGE:  _ _ 

DIimiDAI’E:  _ _  2 _ 

RACE:  _ _ 

1.  HANDEDNESS  (RE;  HEAVY  PHYSICAL  ACTIVIIY)  1  =  LEFT  _ 

2  ^  RIGHT 


3  =  BOTH 


2.  SALT  ADDITION  TO  FXXDD  FIEQUENCY 

.  .  (1)  IJEVER  ___ 

(2)  INFREQUIOTLY 

(3)  FREQUENTLY 

(4)  ALWAYS 


AMOUNT 

(1)  NONE  _ 

(2)  LETTLE  _ 

(3)  MODERATE 

(4)  in2AVY 


3.  ARE  YOU  ON  A  SPECIAL  DIET  ? 


1  =  YES 

2  =  NO 


4,  WHAT  KIND  OF  DIET  IS  IT.?  (  aiEa^  ALL  THAT  7\PPLY) 

HIGH  PROTEIN . . . . . 

Hiai  CALOKEE  . . . . 

lOW  FAT  . . . . 

lOW  PROl’EIN  . . . . . . . 

LOW  SALT  .... . . . . . . . 

LOW  CARBOHYDIWIES . . . 

LOW  SUGTH^ . . . . . 

LO-/  CAIOELEE . . . 
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LOW  aiOLESTLROL  . . . 

VEGETARIAN  Win  I  EGGS,  MLU<,  ETC.  . . . . . 

VITCI^RIAN  WITH  NO  EaiS ,  MILK,  ETC . . 

A  BIAND  DIET  . . . . . . . . 

SOME  OTHER  TYPE  .... . . . . . . 

IF  "OTHER  TYPE"  DESCRIBE: 


5.  ilOW  LONG  HAVE  YOU  BEEN  CM  THIS  DIET  ?  SPECIFY  HOW  MANY  WEEKS,  MONTHS,  OR  YEARS 
WEEKS:  ____ 

MONTHS:  ____ 

YEARS:  _____ 

6.  WAS  nils  DIET  PRESCRIBED  BY  A  HEALTH  PROFESSIONAL,  SUdi  AS  A  DOCIDR,  DIETICIAN 
OR  NURSE  ? 

1  =  YES  ____ 

2  =  NO  ___ 

7.  DO  YOU  GO  OFF  nilS  DIET  OFIEN ,  ONCE  IN  A  WI:ilLE>  RARELY  OR  NEVER  ? 

1  =  OFTEN  _ _ 

2  =  ONCE  IN  A  WIILE  _____ 

3  =  RARELY  OR  NEVER  ____ 

8.  HAS  YOUR  WAY  OF  EATING  QIANGED  IN  niE  PAST  niREE  MONniS  ? 

1  =  YES  ___ 

2  =  NO 

IF  "NO,*'  niEN  STOP. 

9.  HOW  HAS  YOUR  VJAY  OF  EAITNG  aiANQilD  ?  ■  .  ■ - 
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FORM  F 


MENSTRUAL  VARIATION 

U.S.  ARMY  CONTRACT  DAAK-60-84-C-0054  (1984) 

NAME:  _ _ _ _  #:  _ _ 

BIRTHDATE:  _ _ _ _ _ _ 

RACE:  _ _ _ _ 

AGE:  . _ _ _ 

SEX:  2  _ _ _ _ 

START  DATE  _ _ 

ORAL  CONTRACEPTIVE  YES  '  NO  _ 

BRAND  USED  _ 

DAYS  USED  (FROM  _ _ _ ^THROUGH  _ _ _ ) 

DATE  OF  LAST  DOSAGE 


DATE  TIME  IMPEDANCE  MENSES  COMMENTS 

(YES/NO) 

01  _ ^ _  _  _ _  _  _ 

02.  , _ ,  _  _  _ _  _ _ _ 

03  _ _  _  _  •  •  ______ 

04  _  _  _ _  _____  _ _ 

05 
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FORM  F  (CONTINUED) 

MENSTBUAX-  VARIATION 

U.S.  ARMY  CONTRACT  DAAK-60-84~C-0054  (1984) 

DATE  TIME  IMPEDANCE  MENSES 

(YES/NO) 

06  _  _ _  _ _  _ 

07  _  _  _____  _ 

08  _  _  _ _  _ _ 

09  _  _  _  _ 

10  _  _ _  _ _  .  _ _ 

11 


COMMENTS 


FORM  F  (CONTINUED) 

MENSTRUAL  VARIATION 

U.S.  ARMY  CONTRACT  DAAK-60-84-C-0054  (1984) 


IMPEDANCE 


MENSES 

(YES/NO) 


COMMENTS 


APPENDIX  B 

AHTHROPOHETRIC,  ULTRASONIC,  AND  BIOELECTRIC  IMPEDANCE  MEASUREMENT  TECHNIQUES 
Anthropometry 

In  the  present  study,  two  observers  were  employed,  with  limits  specified  for 
intra-  and  inter- observer  differences.  Measurements  were  repeated  if  these  limits 
were  exceeded.  If  the  intra-  or  inter- observer  difference  for  the  second  pair  of 
measurements  was  within  the  specified  limits,  the  mean  of  the  second  pair  of 
measurements  was  recorded  as  the  observed  value  for  the  variable.  If  the  intra-  or 
inter-observer  difference  for  the  second  pair  of  measurements  from  a  partici¬ 
pant  was  again  outside  the  limits,  the  mean  of  all  four  measurements  was  recorded 
as  the  observed  value  for  that  variable.  All  the  original  measurements  were 
retained  for  possible  further  analyses. 

Resolving  intra-  or  inter-observer  differences  that  exceeded  pre-set  limits 
reduced  the  prevalence  of  large  inter-observer  errors.  When  the  means  of  four 
measurements  that  were  not  in  agreement  were  used,  the  variation  between 
participants  was  reduced. 

The  following  measurements  were  taken  with  the  participant  standing. 

Weight.  A  bathing  suit  or  shorts  for  men  and  shorts  and  a  halter  for  women 
were  worn  when  weight  was  measured  and  0.1  kg  was  subtracted  from  the  measured 
weight  to  adjust  for  this.  For  the  measurement  of  weight,  the  participant  stood  in 
the  center  of  the  scale  platform  with  his/her  weight  equally  distributed  on  both 
feet  and  with  no  other  part  of  the  body  in  contact  with  the  scales.  Each  observer 
took  one  measurement;  the  paired  measurements  agreed  within  0.1  kg  or  were 
repeated.  Weight  was  recorded  to  the  nearest  0.1  kg. 

Stature.  The  measurement  of  stature  required  two  observers.  One  positioned 
the  anthropometer  in  the  sagittal  plane  just  posterior  to  the  participant  and  the 
second  checked  the  position  of  the  anthropometer  and  recorded  the  participant's 
stature.  The  first  observer  (standing  upon  a  stool  if  necessary)  placed  the  base 
of  the  anthropometer  about  10  cm  posterior  to  the  participant,  with  the  sliding 
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arm  above  the  participant’s  head.  This  observer  positioned  the  anthropometer 
behind  the  participant  so  that  it  was  vertical  in  a  coronal  plane.  The  second 
observer,  using  a  plumb  bob,  instructed  the  first  so  that  the  anthropometer  was 
held  vertically  in  the  sagittal  plane  of  the  participant.  The  second  observer 
instructed  the  participant  to  "stand  up  straight"  and  adjusted  the  participant’s 
head  so  that  a  line  from  the  lower  edge  of  the  left  orbit  (orbitale)  to  the  upper 
margin  of  the  left  external  auditory  meatus  (tragion)  was  parallel  to  the  floor 
(Frankfort  plane) .  The  second  observer  asked  the  participant  to  hold  a  deep 
breath,  and  lowered  the  sliding  arm  of  the  anthropometer  until  it  was  in  firm 
contact  with  the  most  superior  point  on  the  participant’s  head  (vertex)  and 
recorded  the  stature  measurement.  Firm  pressure  on  the  sliding  arm  was  needed  to 
compress  hair.  Stature  was  recorded  to  the  nearest  0.1  cm.  The  limits  for 
observer  errors  were  1.0  cm. 

Arm  Circumference.  The  participant,  while  standing,  flexed  the  right  arm  at 
the  elbow  to  a  90®  angle  with  the  palm  of  the  hand  upwards.  The  insertion  tape 
was  placed  between  the  posterior  part  of  the  acromion  of  the  scapula  (acromiale) 
and  the  point  of  the  olecranon  process  at  the  elbow  over  the  posterior  portion  of 
the  upper  arm,  with  the  side  of  the  tape  that  has  a  solid  triangle  facing  the 
observer i  The  tape  was  moved  up  and  down  on  the  posterior  surface  of  the  upper 
arm  until  the  number  on  the  tape  at  the  acromion  matched  the  number  at  the 
olecranon.  The  solid  triangle  on  the  tape  then  indicated  the  midpoint  of  the 
upper  arm.  The  other  observer  marked  this  level  with  a  pencil  or  felt  pen. 

The  tape  was  then  placed  around  the  upper  arm  directly  over  the  mark,  with 
the  tape  parallel  to  the  floor.  With  the  arm  hanging  normally  at  the  side  and 
the  muscles  relaxed,  the  tape  was  pulled  around  the  arm  so  as  to  ensure  contact 
with  the  total  circumference,  but  not  tightly  enough  to  compress  the  skin.  The 
measurement  was  recorded  to  the  nearest  1.0  mm  and  repeated  if  observers  differed 
by  more  than  2.0  mm. 

Calf  Gircumf erence .  The  participant  stood  with  the  feet  slightly  apart  and 
the  weight  evenly  distributed  between  the  two  feet.  The  tape  was  placed  around 
the  left  calf  at  its  maximum  circumference,  keeping  the  tape  parallel  to  the 
floor.  Several  readings  at  various  locations  were  taken  until  the  level  of  the 
maximum  circumference  was  located.  The  tape  was  in  contact  with  the  total 


142 


circumference,  but  not  tight  enough  to  indent  the  skin.  With  a  pencil  or  felt 
pen,  a  small  mark  was  placed  just  proximal  to  the  tape  in  the  midline  of  the 
lateral  aspect  of  the  calf.  The  measurement  was  recorded  to  the  nearest  1.0  mm, 
and  repeated  if  the  observers  differed  by  more  than  2.0  mm. 

Skinfolds 

All  skinfolds  were  measured  with  a  Lange  caliper.  The  thumb  and  index 
fingers  were  used  to  grasp  a  fold  of  skin  and  subcutaneous  fat.  The  amount  of 
subcutaneous  fat  and  skin  grasped  depended  upon  the  thickness  of  the  subcutaneous 
fat.  The  observer  grasped  just  enough  skin  and  fat  to  form  a  fold  that  separated 
from  the  underlying  muscle.  The  sides  of  the  fold  were  approximately  parallel. 
The  skinfold  was  grasped  about  1.0  cm  proximal  to  the  site  at  which  the  skinfold 
was  to  be  measured.  The  jaws  of  the  caliper  were  applied  about  1.0  cm  distal  to 
the  fingers  and  perpendicular  to  the  long  axis  of  the  skinfold.  The  left  hand 
held  the  skinfold  in  place  until  after  the  measurement  had  been  taken.  The 
caliper  was  read  about  3  seconds  after  the  caliper  tension  was  released  from  a 
position  that  minimized  parallax.  Skinfold  measurements  were  recorded  to  the 
nearest  0.5  mm.  When  observers  differed  by  more  than  the  specified  limits  for 
individual  skinfolds,  additional  measurements  were  made. 

Triceps  Skinfold.  The  triceps  skinfold  was  measured  at  the  level  marked  for 
the  arm  circumference  on  the  subject’s  upper  arm  as  it  hung  at  the  side.  The 
palm  of  the  subject’s  hand  was  turned  toward  the  body.  To  measure  this  skinfold, 
the  observer  grasped  a  vertical  fold  of  skin  on  the  posterior  surface  of  the  arm 
just  proximal  to  the  mark  used  to  indicate  the  level  for  the  measurement  of  arm 
circumference.  It  is  important  that  the  fold  be  in  the  midline  of  the  arm  on  a 
plane  directly  posterior  to  the  maximum  bulge  of  the  triceps.  When  disagreement 
between  observers  exceeded  5.0  mm,  the  measurements  were  repeated. 

Biceps  Skinfold.  The  same  procedure  was  followed  as  for  the  triceps 
skinfold,  but  the  measurement  was  taken  on  the  anterior  aspect  of  the  arm  with 
the  palm  directed  anteriorly.  A  vertical  fold  was  elevated  and  the  caliper  jaws 
were  placed  perpendicular  to  this.  The  level  was  the  same  as  for  the  triceps 
skinfold  and  for  arm  circumference.  In  robust  individuals,  it  was  necessary  to 
rotate  the  arm  slightly  or  ask  the  subject  to  shift  it  slightly  away  from  the 
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body  to  measure  the  skinfold  accurately.  When  disagreement  between  observers 
exceeded  5.0  mm,  the  measurements  were  repeated. 

Subscapular  Skinfold.  To  measure  the  subscapular  skinfold,  a  fold  of  skin 
and  subcutaneous  fat  was  elevated  on  a  diagonal  directed  downward  and  laterally 
just  inferior  and  lateral  to  the  inferior  angle  of  the  scapula.  The  caliper  jaws 
were  placed  perpendicular  to  the  fold.  When  disagreement  between  observers 
exceeded  5.0  mm,  the  measurements  were  repeated. 

Midaxil lary  Skinfold.  The  arm  was  flexed  and  held  horizontally  from  the 
shoulder  with  the  elbow  in  the  mid line  of  the  body,  close  to  the  anterior  aspect 
of  the  chest.  A  vertical  skinfold  was  measured  in  the  lateral  midline  of  the 
thorax  at  the  level  of  the  xiphoid  process.  When  disagreement  between  observers 
exceeded  5.0  iran,  the  measurements  were  repeated. 

The  following  skinfolds  were  measured  with  the  participant  supine. 

Anterior  Thigh  Skinfold.  This  measurement  was  made  on  the  anterior  aspect 
of  the  thigh  with  the  leg  flat  on  the  bed  or  couch.  Thigh  length  was  measured 
from  the  anterior  superior  iliac  spine  to  the  proximal  border  of  the  patella.  A 
point  proximal  to  the  patella  by  a  distance  equal  to  1/3  of  the  length  of  the 
thigh  was  located  and  marked.  A  skinfold  With  its  long  axis  proximo-distal  was 
picked  up  in  the  midline  of  the  anterior  aspect  of  the  thigh  at  the  marked 
level.  The  caliper  jaws  were  applied  perpendicular  to  the  skinfold.  When  the 
observers  differed  by  more  than  3.0  mm,  the  measurements  were  repeated. 

Lateral  Galf  Skinfold.  The  measurement  was  taken  at  the  level  of  the  pencil 
mark  (see  Calf  Circumference)  in  the  midline  of  the  lateral  aspect  of  the  calf. 
The  leg  was  raised  so  that  the  ankle  and  knee  were  each  bent  at  a  90®  angle  but 
the  foot  remained  on  the  surface  of  the  bed  or  couch.  In  some  individuals  the 
skin  was  tight  around  the  calf  and  it  was  difficult  to  pick  up  a  skinfold.  When 
the  observers  differed  by  more  than  5.0  mm,  the  measurements  were  repeated. 

Paraumbilical  Skinfold.  This  measurement  was  taken  at  a  marked  point  4.0  cm 
from  the  center  of  the  umbilicus  on  a  line  from  the  umbilicus  to  the  anterior 
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superior  iliac  spine.  A  skinfold  was  picked  up  about  1  cm  distal  to  the  mark. 

The  fold  of  skin  was  parallel  to  the  midline  of  the  body,  and  the  calipers  were 
applied  perpendicular  to  the  fold.  When  the  observers  differed  by  more  than  3.0 
mm,  the  measurements  were  repeated. 

Ultrasound 

There  are  several  important  points  to  note  in  using  the  EchoScan  1502 
ultrasound  machine.  For  all  ultrasonic  measurements,  the  observer  applied  the 
ultrasonic  gel  to  the  proper  point  on  the  participant.  The  emitting-receiving 
surface  of  the  transducer  was  then  positioned  flush  and  perpendicular  to  this 
surface  without  compression  of  the  tissues.  The  whole  dark  surface  of  the 
transducer  had  to  be  in  contact  with  the  skin.  Consequently,  a  flat  body  surface 
at  least  0.8  cm  wide  was  necessary  for  an  accurate  measurement.  When  holding  the 
transducer,  care  was  taken  to  ensure  that  the  surface  tension  among  the  probe, 
the  aquasonic  gel  and  the  skin  did  not  raise  the  level  of  the  skin.  The  observer 
holding  the  transducer  informed  the  observer  reading  the  EchoScan  when  the 
measurement  could  be  recorded.  Where  possible,  the  observer  with  the  transducer 
was  positioned  so  that  the  participant’s  body  helped  to  steady  the  hand  holding 
the  transducer,  but  it  was  the  responsibility  of  both  observers  to  ensure  the 
transducer  was  properly  positioned.  When  the  observer  holding  the  transducer  was 
ready,  he  or  she  indicated  this  to  the  observer  reading  the  EchoScan.  This 
second  observer  adjusted  the  gain  and  recorded  the  reading.  This  procedure  of 
positioning  the  transducer  and  recording  the  reading  from  the  EchoScan  was  the 
same  for  all  the  ultrasonic  measurements. 

The  following  measurements  were  made  with  the  participant  standing. 

Triceps.  The  participant  stood  in  the  same  position  as  for  the  triceps 
skinfold  measurement.  The  ultrasonic  measurement  was  made  at  the  site  of  the 
triceps  skinfold. 

Biceps .  For  this  measurement,  the  arm  was  positioned  as  for  the  biceps 
skinfold  measurement  and  the  ultrasonic  measurement  was  made  at  the  same  site  as 
the  biceps  skinfold. 


145 


Subscapular .  The  participant  remained  in  the  same  position  as  for  the 
triceps  ultrasonic  measurement.  The  transducer  was  positioned  perpendicular  to 
the  skin  just  inferior  and  lateral  to  the  inferior  angle  of  the  scapula. 

Midaxillary.  This  measurement  was  taken  at  the  point  marked  for  the 
midaxillary  skinfold.  The  participant  was  instructed  to  hold  his/her  breath 
while  the  measurement  was  being  made, 

B*or  the  following  measurements,  the  participant  was  positioned  supine. 

Anterior  Thifth.  For  this  measurement,  the  leg  was  positioned  as  for 
measuring  the  anterior  thigh  skinfold.  The  ultrasonic  measurement  was  made  at 
the  same  site  as  the  anterior  thigh  skinfold. 

Lateral  Calf.  For  this  measurement,  the  leg  was  positioned  as  for  the 
lateral  calf  skinfold.  The  transducer  was  placed  against  the  lateral  surface  of 
the  calf  at  the  site  where  the  lateral  calf  skinfold  was  measured. 

Paraumbilical .  This  measurement  was  taken  at  the  point  (marked)  where  the 
paraumbilical  skinfold  was  measured.  The  participant  was  instructed  to  hold 
his/her  breath  when  the  measurement  was  being  made. 

Breast.  The  breast  measurement  was  taken  with  the  transducer  placed  so  that 
its  edge  was  tangential  to  the  proximal  margin  of  the  areola.  The  participant 
was  instructed  to  stop  breathing  while  this  measurement  was  taken. 

This  measurement  did  not  present  a  problem  in  men  unless  there  was  a  large  amount 
of  hair  on  the  chest.  When  this  was  so,  it  was  noted.  In  older  women,  this 
measurement  can  present  problems  if  the  breasts  are  pendulous.  If  the  breast 
does  not  remain  positioned  on  the  anterior  surface  of  the  chest,  this  measurement 
should  not  be  taken.  This  did  not  occur  in  the  present  study. 

Buttocks .  The  participant  must  lie  prone  for  this  measurement.  This 
measurement  was  taken  7  cm  distal  to  the  midpoint  of  the  distance  between  the 
anterior  superior  iliac  spine  and  the  midline  of  the  posterior  aspect  of  the 
trunk.  It  may  be  necessary  to  hold  the  participant’s  clothing  away  from  the  body 
to  make  this  measurement. 
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Bioelectric  Impedance 

Bioelectric  resistance  was  measured  with  an  RJL  Systems  Model  BIA-101 
Bioelectric  Impedance  Analyzer.  Resistance  was  measured  twice  on  the  right  side 
of  the  body  of  each  participant  by  each  of  two  observers  working  independently. 
Resistance  was  measured  also  on  the  left  side  of  the  body  in  a  random  sample  of 
participants  by  two  observers  working  independently. 

For  the  right-sided  pair  of  resistance  measures,  the  participant  was  supine 
with  the  arms  resting  alongside  but  not  touching  the  body,  and  the  legs  were 
separated  so  that  there  was  no  contact  between  the  thighs .  The  red  electrode  of 
the  red  cable  was  attached  to  the  posterior  surface  of  the  right  wrist  midway 
between  the  distal  condyles  of  the  radius  and  ulna.  The  black  electrode  of  the 
red  cable  was  attached  to  the  posterior  surface  of  the  right  hand  over  the  distal 
end  of  the  third  metacarpal.  The  red  electrode  of  the  black  cable  was  attached 
to  the  anterior  surface  of  the  right  ankle  midway  between  the  malleoli  of  the 
tibia  and  fibula.  The  black  electrode  of  the  black  cable  was  attached  to  the 
anterior  surface  of  the  right  foot  midway  between  the  distal  ends  of  the  second 
and  third  metatarsals.  Each  electrode  was  attached  using  a  very  small  amount  of 
electrode  cream  and  aproximately  4  cm  of  electrode  tape. 

A  single  measure  of  resistance  was  recorded  by  each  observer.  After  the 
first  pair  of  resistance  measurements,  the  electrodes  were  removed  and  the 
participant  stood  for  measures  of  stature  and  weight.  For  the  next  pair  of 
resistance  measurements,  the  participant  again  reclined  to  a  supine  position,  and 
the  electrodes  were  attached  as  explained  above.  Again,  measures  of  resistance 
were  recorded  by  each  observer.  If  a  resistance  measure  was  also  to  be  recorded 
from  the  left  side  of  a  participant,  the  participant  was  again  asked  to  stand. 

The  particpant  then  assumed  a  supine  position  and  the  electrodes  were  attached  to 
the  left  side  of  the  body  in  positions  that  corresponded  to  those  for  the 
right-sided  measurements.  A  single  measure  of  resistance  using  right-sided 
electrode  sites  was  recorded  by  each  observer.  A  test  object  was  measured  at  the 
beginning  and  at  the  end  of  the  measurements  each  day. 


147 


APPENDIX  C 


EQUATIONS  FOR  PREDICTING  BODY  COMPOSITION  IN  MEN 
AND  WOMEN  FROM  ANTHROPOMETRY  AND  STATURE^ /RESISTANCE 


TABLE  C-I.  Prediction  of  Body  Density  by  Multiple  Regression 
Analysis  in  Men  (Stature^/Resistance  Forced  in). 


r2  =  0.61 

N  =  93 

C(p)  =  1.80 

Adjusted  R^  =  0.60 

Root  mean  squared  error  =  0.009  gm/cm^ 

Independent 

Regression 

Standard  Error  of 

Variance 

Variables 

Coefficient 

Regression  Coefficient 

Inflation 

Intercept 

1.12949289 

Stature^ /Resistance 

0.00135950 

0.00018689 

2.57 

(cm^/ohm) 

Weight  (kg) 

-0.00110069 

0.00016992 

4.11 

Calf  circumference  (cm) 

-0.00203003 

0.00063614 

3.53 

TABLE  C-2. 

Prediction  of  Percent  Body  Fat  by  Multiple 
Analysis  in  Men  (Stature^/Resistance  Forced 

Regression 
in)  . 

r2  =  0.62 

N  =  93 

C(p)  =  1.77 

Adjusted  R^  =  0.60 

Root  mean  squared  error  =  4.002  gm/cm^ 

Independent 

Regression 

Standard  Error  of 

Variance 

Variables 

Coefficient 

Regression  Coefficient 

Inflation 

Intercept 

-13.84619706 

Stature^/Resistance 

-0.60535346 

0.08197500 

2.57 

(cm^/ohm) 

Weight  (kg) 

0.48547367 

0.07453287 

4.11 

Calf  circumference 

(cm)  0.91340414 

0.27902592 

3.53 
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TABLE  C-3.  Prediction  of  Total  Body  Fat  by  Multiple  Regression 
Analysis  in  Men  (Stature^/Resistance  Forced  in). 


r2  =  0.76 

N  =  93 

C(p)  =  1.42 

Adjusted  R^  =  0.76 

Root  mean  squared  error  =  3.143  kg 

Independent 

Regression 

Standard  Error  of 

Variance 

Variables 

Coefficient 

Regression  Coefficient 

Inflation 

Intercept 

-26.07706814 

Stature^ /Resistance 

-0.51552737 

0.06436342 

2.57 

(cm^/obm) 

Weight  (kg) 

0.53783046 

0.05852017 

4.11 

Calf  circumference  (cm) 

0.88249943 

0.21907977 

3.53 

TABLE  C-4. 

Prediction  of  Fat  Free  Mass  by  Multiple  Regression 

Analysis  in  Men  (Stature^/Resistance  Forced  in). 

r2  =  0.82 

N  =  93 

C(p)  =  1.42 

Adjusted  r2  =  0.83 

Root  mean  squared  error  =3.143  kg 

Independent 

Regression 

Standard  Error  of 

Variance 

Variables 

Coefficient 

Regression  Coefficient 

Inflation 

Intercept 

26.07706814 

Stature^ /Resistance 

0.51552737 

0.06436342 

2.57 

(cm^/ohm) 

Weight  (kg) 

0.46216954 

0 . 05852017 

4.11 

Calf  circumference 

(cm)  -0.88249943 

0.21907977 

3.53 
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TABLE  C-5.  Prediction  of  Body  Density  by  Multiple  Regression 
Analysis  in  Women  (Stature^ /Resistance  Forced  in). 


1—1 

r>. 

O 

II 

CM 

N  =  79 

C(p)  =  5.29 

Adjusted  R^  =  0.68 

Root  mean  squared  error  =  0.008  gm/cm^ 

Independent 

Regression 

Standard  Error  of 

Variance 

Variables 

Coefficient 

Regression  Coefficient 

Inflation 

Intercept 

1.15255424 

Stature^ /Res is tance 

0.00180991 

0.00023403 

2.10 

(cm^/ohm) 

Weight  (kg) 

-0.00067281 

0.00026042 

5.98 

Calf  circumference  (cm) 

-0.00261901 

0.00062148 

3.07 

Arm  circumference  (cm) 

-0.00179223 

0.00061161 

3.20 

Age  (yr) 

-0.00061409 

0.00030491 

1.02 

TABLE  C-6.  Prediction  of  Percent  Body  Fat  by  Multiple  Regression 
Analysis  in  Women  (Stature^ /Resistance  Forced  in). 


r2  =  0.71 

N  =  79 

C(p)  =  5.32 

Adjusted  R^  =  0.69 

Root  mean  squared  error  =  3.893% 

Independent 

Regression 

Standard  Error  of 

Variance 

Variables 

Coefficient 

Regression  Coefficient 

Inflation 

Intercept 

-26.07422971 

Stature^ /Res is tance 

-0.82968782 

0.10738577 

2.10 

(cm^/ohm) 

Weight  (kg) 

0.31566325 

0.11949490 

5.98 

Calf  circumference  (cm) 

1.19657036 

0.28517193 

3.07 

Arm  circumference  (cm) 

0.82659503 

0.28064643 

3.20 

Age  (yr) 

0.28584212 

0.13991217 

1.02 
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TABLE  C-7. 

Prediction  of  Total  Body  Fat  by  Multiple  Regression 
Analysis  in  Women  (Stature^/Resistance  Forced  in). 

r2  =  0.85 

N  =  79 

C(p)  =  5.92 

Adjusted  =  0.84 

Root  mean  squared  error  =  2.612  kg 

Independent 

Variables 

Regression 

Coefficient 

Standard  Error  of 
Regression  Coefficient 

Variance 

Inflation 

Intercept 

Stature^ /Resistance 
(cm^/obm) 

Weight  (kg) 

Calf  circumference  (cm) 

Arm  circumference  (cm) 

Age  (yr) 

-35.16835290 

-0.54619901 

0.53274609 

0.67882700 

0.56116341 

0.21782532 

0.07205520 

0.08018036 

0.19134864 

0.18831206 

0.09388022 

2.10 

5.98 

3.07 

3.20 

1.02 

• 

TABLE  C-~8. 

Prediction  of  Fat  Free  Mass  by  Multiple  Regression 

Analysis  in  Women  (Stature^/Resistance  Forced  in). 

r2  =  0.77 

N  =  79 

C(p)  =  5.92 

Adjusted  R^  =0.75 

Root  mean  squared  error  =  2.612  kg 

Independent 

Regression 

Standard  Error  of 

Variance 

Variables 

Coefficient 

Regression  Coefficient 

Inflation 

Intercept 

35.16835290 

Stature^ /Res istance 

0.54619901 

0.07205520 

2.10 

(cm^/ohm) 

Weight  (kg) 

0.46725391 

0.08018036 

5.98 

Calf  circumference  (cm) 

-0.67882700 

0.19134864 

3.07 

Arm  circumference  (cm) 

-0.56116341 

0.18831206 

3 . 20 

Age  (yr) 

-0.21782532 

0.09388022 

1.02 
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APPENDIX  D 


DISTRIBUTION  STATISTICS 

Distribution  statistics,  based  on  the  means  of  all  recorded  measurements, 
are  presented  for  each  sex  for  anthropometric  variables,  for  variables  related  to 
underwater  weighing  and  for  resistance.  Statistical  tests  were  not  made  of  the 
possible  significance  of  differences  between  the  means  for  the  two  sexes  or  of 
the  normality  of  all  the  distributions.  The  comments  that  follow  refer  to  trends 
and  not  to  differences  shown  to  be  statistically  significant. 

The  anthropometric  variables  all  had  larger  mean  values  in  men  than  in 
women,  and  all,  with  the  exception  of  stature,  had  larger  standard  deviations 
(SD)  in  the  men  than  in  the  women.  The  mean  values  for  skinfold  thicknesses  were 
larger  for  the  women  than  for  the  men.  Also,  the  SDs  for  women’s  skinfolds  were 
larger  than  those  for  the  men.  The  means  for  the  ultrasonic  measurements  were 
also  larger  in  the  women  than  in  the  men.  The  largest  mean  for  the  men  was  that 
for  the  buttocks  site,  but  the  paraumbilical  site  had  the  largest  mean  for  the 
women.  In  each  sex,  the  smallest  mean  was  for  the  biceps  site.  The  SD  values 
for  the  ultrasonic  measures  were  generally  larger  for  the  women  than  for  the 
men. 

Men  had  larger  means  and  SD  for  underwater  weight,  RV,  BD,  and  FFM  than 
women,  but  smaller  values  for  %BF  and  TBF.  The  data  for  the  underwater  weights 
(10  per  participant)  showed  a  tendency  for  the  first  three  weights  to  be  lower 
than  the  others,  but  there  was  little  change  in  either  sex  among  the  later 
underwater  weights.  Men  tended  to  have  smaller  mean  bioelectric  resistance 
values  than  women,  but  their  SDs  tended  to  be  larger  than  those  for  the  women. 

Comparisons  of  distribution  statistics  between  whites  and  blacks  can  be  made 
for  men,  but  there  were  too  few  black  women  to  allow  corresponding  comparisons 
between  black  and  white  women.  For  men,  there  were  only  small  differences 
between  blacks  and  whites  in  the  mean  values  for  anthropometric  variables  and 
skinfold  thicknesses,  but  the  ultrasonic  values  were  all  larger  in  the  whites 
than  in  the  blacks,  except  for  the  measurements  made  at  the  lateral  calf  site. 

The  means  for  underwater  weights,  resistance  and  FFM  tended  to  be  larger  for  the 
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blacks  than  for  the  whites,  but  RV  and  %BF  tended  to  be  larger  in  the  whites  than 
in  the  blacks . 

The  mean  stature  of  the  women  tended  to  be  greater  than  that  for  the  most 
recent  Army  anthropometric  surveys  (96),  but  the  SD  values  tended  to  be  less.  In 
both  men  and  women,  the  mean  weights  and  the  SD  values  were  slightly  greater  in 
the  present  study  than  in  the  Army  surveys. 


154 


TABLE  D-1.  Distribution  Statistics  for  Anthropometry,  Ultrasound 
and  Body  Composition  Variables  in  All  Men. 


Variables 

N 

Mean 

SD 

SE 

of 

Mean 

Anthropometry 

Stature  ( cm) 

93 

176.8 

5.8 

0.6 

Weight  (kg) 

93 

74.9 

11.4 

1.2 

Arm  Circumference  (cm) 

93 

32.2 

3.6 

0.4 

Calf  Circumference  (cm) 

93 

37.1 

2.8 

0.3 

Skinfolds  (mm) 

Triceps 

93 

10.6 

5.1 

0.5 

Subscapular 

93 

12.1 

6.1 

0.6 

Biceps 

93 

4.7 

2.6 

0.3 

Midaxil lary 

93 

9.6 

5.4 

0.6 

Paraumbilical 

92 

16.9 

9.9 

1.0 

Anterior  Thigh 

91 

11.7 

5.4 

0.6 

Lateral  Calf 

90 

8.1 

3.5 

0.4 

Ultrasound  (mm) 

Triceps 

84 

5.4 

1.5 

0.2 

Subscapular 

84 

5.5 

1.7 

0.2 

Biceps 

84 

3.5 

1.4 

0.2 

Midaxil lary 

84 

5.2 

1.8 

0.2 

Breast 

84 

6.0 

1.9 

0.2 

Paraumbilical 

83 

6.3 

2.2 

0.2 

Anterior  Thigh 

84 

5.7 

1.8 

0.2 

Lateral  Calf 

84 

4.0 

1.3 

0.1 

Buttocks 

80 

6.7 

1.9 

0.2 

Body  Composition 

Mean  of  3  highest 

Underwater  Weights  (kg) 

93 

3.6 

0.8 

0.1 

Residual  Lung  Volume  (L) 

93 

1.3 

0.4 

0.0 

Body  Density  (gm/cm^) 

93 

1.1 

0.0 

0.0 

Percent  Body  Fat  (%) 

93 

14.8 

6.3 

0.7 

Total  Body  Fat  (kg) 

93 

11.5 

6.4 

0.7 

Fat  Free  Mass  (kg) 

93 

63.4 

7.6 

0.8 

Resistance  (ohm) 

93 

459.5 

49.8 

5.2 
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TABLE  D-2.  Distribution  Statistics  for  Anthropometry,  Ultrasound 


and  Body 

Composition 

Variables 

in  All  Women. 

Variables 

N 

Mean 

SD 

SE 

of 

Mean 

Anthropometry 

Stature  (cm) 

83 

164.3 

5.8 

0.6 

Weight  (kg) 

83 

61.2 

10.0 

1.1 

Arm  Circumference  (cm) 

83 

28.2 

2.8 

0.3 

Calf  Circumference  (cm) 

84 

35.7 

2.7 

0.3 

Skinfolds  (mm) 

Triceps 

84 

18.5 

6.0 

0.7 

Subscapular 

83 

13.6 

7.1 

0.8 

Biceps 

83 

7.8 

4.4 

0.5 

Midaxillary 

83 

11.0 

5.3 

0.6 

Paraumbilical 

82 

22.5 

10.5 

1.1 

Anterior  Thigh 

72 

25.3 

7.5 

0.9 

Lateral  Calf 

75 

14.8 

4.7 

0.5 

Ultrasound  (mm) 

Triceps 

82 

7.4 

2.2 

0.2 

Subscapular 

81 

6.4 

1.9 

0.2 

Biceps 

82 

4.5 

1.6 

0.2 

Midaxillary 

82 

6.1 

1.7 

0.2 

Breast 

81 

5.9 

2.1 

0.2 

Paraumbilical 

81 

7.2 

2.4 

0.3 

Anterior  Thigh 

81 

9.3 

2.3 

0.3 

Lateral  Calf 

82 

5.8 

1.6 

0.2 

Buttocks 

77 

7.4 

2.4 

0.3 

Body  Composition 

Mean  of  3  highest 

Underwater  Weights  (kg) 

81 

1.4 

0.7 

0.1 

Residual  Lung  Volume  (L) 

83 

1.2 

0.4 

0.0 

Body  Density  (gm/cc) 

80 

1.0 

0.0 

0.0 

Percent  Body  Fat  (%) 

80 

26.0 

6.9 

0.8 

Total  Body  Fat  (kg) 

80 

16.2 

6.5 

0.7 

B'at  Free  Mass  (kg) 

80 

44.8 

5.2 

0.6 

Resistance  (ohm) 

82 

571.0 

62.7 

6.9 
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TABLE  D-3.  Distribution  Statistics  for  Anthropometry,  Ultrasound 


and  Body  Composition 

Variables  in 

White  Men. 

Variables 

N 

Mean 

SD 

SE 

of 

Mean 

Anthropometry 

Stature  (cm) 

78 

177.0 

6.1 

0.7 

Weight  (kg) 

78 

74.7 

11.4 

1.3 

Arm  Circumference  (cm) 

78 

32.1 

3.5 

0.4 

Calf  Circumference  (cm) 

78 

37.0 

2.8 

0.3 

Skinfolds  (mm) 

Triceps 

78 

10.4 

5.2 

0.6 

Subscapular 

78 

11.8 

5.4 

0.6 

Biceps 

78 

4.8 

2.5 

0.3 

Midaxil lary 

78 

9.5 

5.0 

0.6 

Paraumbilical 

77 

17.4 

9.9 

1.1 

Anterior  Thigh 

77 

12.1 

5.6 

0.6 

Lateral  Calf 

76 

7.9 

3.4 

0.4 

Ultrasound  (mm) 

Triceps 

75 

5.5 

1.6 

0.2 

Subscapular 

75 

5.6 

1.7 

0.2 

Biceps 

75 

3.5 

1.4 

0.2 

Midaxil lary 

75 

5.3 

1.8 

0.2 

Breast 

75 

6.2 

1.9 

0.2 

Paraumbilical 

74 

6.5 

2.3 

0.3 

Anterior  Thigh 

75 

5.8 

1.8 

0.2 

Lateral  Calf 

75 

4.0 

1.4 

0.2 

Buttocks 

71 

6.8 

1-9 

0.2 

Body  Composition 

Mean  of  3  highest 

Underwater  Weights  (kg) 

78 

3.5 

0.8 

0.1 

Residual  Lung  Volume  (L) 

78 

1.4 

0.4 

0.0 

Body  Density  (gm/cm^) 

78 

1.1 

0.0 

0.0 

Percent  Body  Fat  (%) 

78 

14.9 

6.4 

0.7 

Total  Body  Fat  (kg) 

78 

11.6 

6.6 

0.7 

Fat  Free  Mass  (kg) 

78 

63.1 

7.5 

0.8 

Resistance  (ohm) 

78 

457.7 

45.6 

5.2 

TABLE  D-4.  Distribution  Statistics  for  Anthropometry,  Ultrasound 
and  Body  Composition  Variables  in  Black  Men. 


Variables 

N 

Mean 

SD 

SE 

of 

Mean 

Anthropometry 

Stature  (cm) 

15 

175.5 

4.0 

1.0 

Weight  (kg) 

15 

75.9 

11.5 

3.0 

Arm  Circumference  (cm) 

15 

32.8 

4.2 

1.1 

Calf  Circumference  (cm) 

15 

37 . 8 

2.8 

0.7 

Skinfolds  (mm) 

Triceps 

15 

11.2 

5.1 

1.3 

Subscapular 

15 

13.4 

9.1 

2.4 

Biceps 

15 

4,4 

3.1 

0.8 

Midaxillary 

15 

10.2 

7.4 

1.9 

Paraumbilical 

15 

14.8 

10.2 

2.6 

Anterior  Thigh 

14 

9.6 

2.9 

0.8 

Lateral  Calf 

14 

9.2 

3.9 

1.0 

Ultrasound  (mm) 

Triceps 

9 

4 . 6 

1.2 

0.4 

Subscapular 

9 

4.3 

0.9 

0.3 

Biceps 

9 

2.7 

0.6 

0.2 

Midaxillary 

9 

4.4 

1.5 

0.5 

Breast 

9 

4.7 

1.6 

0.5 

Paraumbilical 

9 

4.9 

1 .5 

0.5 

Anterior  Thigh 

9 

4.9 

1.6 

0.5 

Lateral  Calf 

9 

4.2 

1.0 

0.3 

Buttocks 

9 

5.9 

1.7 

0.6 

Body  Composition 

Mean  of  3  highest 

Underwater  Weights  (kg) 

15 

3.9 

1.0 

0.3 

Residual  Lung  Volume  (L) 

15 

1.1 

0.4 

0.1 

Body  Density  (gm/cm^) 

15 

1 . 1 

0.0 

0.0 

Percent  Body  Fat  (%) 

15 

14.5 

6.0 

1.5 

Total  Body  Fat  (kg) 

15 

11.4 

5.5 

1.4 

Fat  Free  Mass  (kg) 

15 

64 . 5 

8.4 

2.2 

Resistance  (ohm) 

15 

469.3 

69.0 

17.8 
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TABLE  D-5.  Distribution  Statistics  for  Anthropometry,  Ultrasound 
and  Body  Composition  Variables  in  White  Women. 


Variables 

N 

Mean 

SD 

SE 

of 

^  Mean 

Anthropometry 

Stature  (cm) 

75 

164.7 

5.9 

0.  / 

Weight  (kg) 

75 

60.8 

9.2 

1.1 

Arm  Circumference  (cm) 

75 

28.2 

2.9 

0.3 

Calf  Circumference  (cm) 

75 

35.6 

2.7 

0.3 

Skinfolds  (mm) 

Triceps 

75 

18.5 

6.3 

0.7 

Subscapular 

74 

13.5 

7.3 

0.8 

Biceps 

74 

7.8 

4.6 

0.5 

Midaxil lary 

74 

10.9 

5.5 

0.6 

Paraumbilical 

74 

22.7 

10.2 

1.2 

Anterior  Thigh 

66 

25.3 

7.7 

1.0 

Lateral  Calf 

69 

14.8 

4.7 

0.6 

Ultrasound  (mm) 

Triceps 

74 

7.5 

2.2 

0.3 

Subscapular 

73 

6.5 

1.9 

0.2 

Biceps 

74 

4.5 

1.6 

0.2 

Midaxil lary 

74 

6.1 

1.7 

0.2 

Breast 

73 

5.9 

2.1 

0.2 

Paraumbilical 

73 

7.2 

2.5 

0.3 

Anterior  Thigh 

74 

9.4 

2.3 

0.3 

Lateral  Calf 

74 

5.8 

1.6 

0.2 

Buttocks 

71 

7.5 

2.4 

0.3 

Body  Composition 

Mean  of  3  highest 

Underwater  Weights  (kg) 

74 

1.4 

0.8 

0.1 

Residual  Lung  Volume  (L) 

74 

1.2 

0.4 

0.0 

Body  Density  (gm/cm^) 

73 

1.0 

0.0 

0.0 

Percent  Body  Fat  (%) 

73 

25.9 

7.1 

0.8 

Total  Body  Fat  (kg) 

73 

16.2 

6.7 

0.8 

Fat  Free  Mass  (kg) 

73 

44.9 

5.1 

0.6 

Resistance  (ohm) 

75 

572.7 

64.1 

7.4 
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TABLE  D--6 .  Distribution  Statistics  for  Anthropometry,  Ultrasound 
and  Body  Composition  Variables  in  Black  Women. 


Variables 

N 

Mean 

SD 

SE 

of 

Mean 

Anthropometry 

Stature  (cm) 

8 

161.2 

3.3 

1.2 

Weight  (kg) 

8 

64 . 9 

16.0 

5.6 

Arm  Circumference  (cm) 

8 

28.6 

2.5 

0.9 

Calf  Circumference  (cm) 

9 

36.3 

3.1 

1.0 

Skinfolds  (ram) 

Triceps 

9 

18.9 

3.5 

1.2 

Subscapular 

9 

14.5 

4.8 

1.6 

Biceps 

9 

7.8 

2.4 

0.8 

Midaxillary 

9 

11.9 

3.9 

1.3 

Paraumbilical 

8 

20.5 

8.2 

2.9 

Anterior  Thigh 

6 

25.4 

5.4 

2.2 

Lateral  Calf 

6 

15.2 

5.0 

2.0 

Ultrasound  (ram) 

Triceps 

8 

6.6 

1.1 

0.4 

Subscapular 

8 

5.7 

2.1 

0.7 

Biceps 

8 

4.0 

0.9 

0.3 

Midaxillary 

8 

5.6 

1.7 

0.6 

Breast 

8 

6.1 

2.0 

0.7 

Paraumbilical 

8 

6.9 

1.3 

0.5 

Anterior  Thigh 

7 

7.9 

1.7 

0.6 

Lateral  Calf 

8 

5.0 

1.2 

0 . 4 

Buttocks 

6 

6.4 

2.1 

0.9 

Body  Composition 

Mean  of  3  highest 

Underwater  Weights  (kg) 

7 

1.5 

0.5 

0.2 

Residual  Lung  Volume  (L) 

9 

1.1 

0.5 

0.2 

Body  Density  (gm/cm^) 

7 

1.0 

0.0 

0.0 

Percent  Body  Fat  (%) 

7 

27.8 

4.9 

1.8 

Total  Body  Fat  (kg) 

7 

16.7 

3.7 

1.4 

Fat  Free  Mass  (kg) 

7 

43.2 

6.3 

2.4 

Resistance  (ohm) 

7 

552.9 

44,4 

16.8 
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APPENDIX  E 


EFFECTS  OF  PHYSIOLOGICAL  FACTORS 

TABLE  E-1.  Analysis  of  Covariance  Tests  for  the  Influence  of 
’’Physiological  Noise  Factors”  on  the  Differences 
between  Predictions  of  Body  Density  from  ’’Stature^/ 


Resistance  plus 
Weighing  in  Men. 

Anthropometry” 

and  from 

Underwater 

Source  of 

Covariance 

df 

F-value 

P- value 

Exercise  group 

2 

1.22 

0.301 

Interval  from  last  meal 

1 

1.31 

0.255 

Interval  from  last  drink 

1 

0.32 

0.573 

Test  for  parallelism 

Interval  from  last  meal 
by  exercise  group 

2 

0.17 

0.846 

Interval  from  last  drink 
by  exercise  group 

2 

0.29 

0.749 

Test  for  nonadditive  effect 

Interval  from  last  meal  by 
Interval  from  last  drink 

1 

0.29 

0.593 
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TABLE  E-2. 


Analysis  of  Covariance  Tests  for  the  Influence  of 
"Physiological  Noise  Factors"  on  the  Differences 
between  Predictions  of  %Body  Fat  from  "Stature^/ 
Resistance  plus  Anthropometry"  and  from  Underwater 
Weighing  in  Men. 


Source  of 

Covariance 

df 

F-value 

P- value 

Exercise  group 

2 

1.30 

0.278 

Interval  from  last  meal 

1 

1.39 

0.242 

Interval  from  last  drink 

1 

0.33 

0.570 

Test  for  parallelism 

Interval  from  last  meal 
by  exercise  group 

2 

0.16 

0.851 

Interval  from  last  drink 
by  exercise  group 

2 

0.27 

0.764 

Test  for  nonadditive  effect 

Interval  from  last  meal  by 
Interval  from  last  drink 

1 

0.23 

0.634 
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TABLE  E— 3 .  Analysis  of  Covariance  Tests  for  the  Influence  of 
"Physiological  Noise  Factors"  on  the  Differences 
between  Predictions  of  Total  Body  Fat  from  "Stature^/ 


Resistance  plus 
Weighing  in  Men, 

Anthropometry" 

and  from 

Underwater 

Source  of 

Covariance 

df 

F- value 

P- value 

Exercise  group 

2 

1.72 

0.185 

Interval  from  last  meal 

1 

2.09 

0.152 

Interval  from  last  drink 

1 

0.37 

0.546 

Test  for  parallelism 

Interval  from  last  meal 
by  exercise  group 

2 

0.22 

0 . 800 

Interval  from  last  drink 
by  exercise  group 

2 

0.18 

0.838 

Test  for  nonadditive  effect 

Interval  from  last  meal  by 
Interval  from  last  drink 

1 

0.01 

0.977 
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TABLE  E--4.  Analysis  of  Covariance  Tests  for  the  Influence  of 
"Physiological  Noise  Factors"  on  the  Differences 
between  Predictions  of  Fat  Free  Mass  from  "Stature^/ 
Resistance  plus  Anthropometry"  and  from  Underwater 


Weighing  in  Men. 

Source  of 

Covariance 

df 

F-value 

P- value 

Exercise  group 

2 

1.72 

0.185 

Interval  from  last  meal 

1 

2.09 

0.152 

Interval  from  last  drink 

1 

0.37 

p.546 

Test  for  parallelism 

Interval  from  last  meal 
by  exercise  group 

2 

0.22 

P-8P0 

Interval  from  last  drink 
by  exercise  group 

2 

0.18 

0.838 

Test  for  nonadditive  effect 

Interval  from  last  meal  by 
Interval  from  last  drink 

1 

P-01 

0-977 
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TABLE  E-5. 


Analysis  of  Covariance  Tests  for  the  Influence  of 
Physiological  Noise  Factors**  on  the  Differences 
between  Predictions  of  Body  Density  from  ’*Stature^/ 
Resistance  plus  Anthropometry**  and  from  Underwater 
Weighing  in  Women. 


Source  of 

Covariance 

df 

F-value 

P- value 

Exercise  group 

2 

5.84 

0.004* 

Interval  from  last  meal 

1 

2.79 

0.099 

Interval  from  last  drink 

1 

0.05 

0.825 

Test  for  parallelism 

Interval  from  last  meal 
by  exercise  group 

2 

0.11 

0.897 

Interval  from  last  drink 
by  exercise  group 

2 

0.31 

0.736 

Test  for  nonadditive  effect 

Interval  from  last  meal  by 
Interval  from  last  drink 

1 

0.16 

0.691 

*0.01  <P  <  0.05 
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TABLE  E-6.  Analysis  of  Covariance  tests  for  the  Influence  of 
Physiological  Noise  Factors*’  6n  the  Differences 
betweetl  Predictions  of  %Body  Fat  from  ’’Stature^/ 
Resistance  plus  Anthropometry”  and  from 
Underwater  Weighing  in  Women. 

Source  of 


Covariance 

df 

F-V^aiiie 

P-value 

Exercise  group 

2 

5 . 74 

6.005* 

Interval  from  last  meal 

1 

2.75 

0.102 

Interval  from  last  drink 

i 

6.03 

0.856 

Test  for  parallelism 

interval  from  last  meal 
by  exercise  grbup 

2 

0.13 

6.87i 

Interval  from  last  drink 
by  exercise  group 

2 

0.33 

0.718 

Test  for  nonadditive  effect 

Interval  from  last  meal  by 
Interval  from  last  drink 

1 

0.16 

0.690 

TABLE  E-7.  Analysis  of  Covariance  Tests  for  the  Influence  of 
’’Physiological  Noise  Factors”  on  the  Differences 
between  Predictions  of  Total  Body  Fat  from  ’’Stature^/ 


Resistance  plus  Anthropometry” 
Weighing  in  Women. 

and  from 

Underwater 

Source  of 

Covariance 

df 

F-value 

P- value 

Exercise  group 

2 

5.08 

0.009* 

Interval  from  last  meal 

1 

2.64 

0.108 

Interval  from  last  drink 

1 

0.03 

0.871 

Test  for  parallelism 

Interval  from  last  meal 
by  exercise  group 

2 

0.53 

0.590 

Interval  from  last  drink 
by  exercise  group 

2 

0.49 

0.618 

Test  for  nonadditive  effect 

Interval  from  last  meal  by 
Interval  from  last  drink 

ap - ; - 

1 

0.14 

0.713 

*0.01  <  P  <  0,05 


TABLE  E-8.  Analysis  of  Covariance  Tests  for  the  Influence  of 
•’Physiological  Noise  Factors”  on  the  Differences 
between  Predictions  of  Fat  Free  Mass  from  ’’Stature^/ 
Resistance  plus  Anthropometry”  and  from  Underwater 


Weighing  in  Women. 

Source  of 

Covariance 

df 

F-value 

P-value 

Exercise  group 

2 

5.08 

0.009* 

Interval  from  last  meal 

1 

2.64 

0 . 108 

Interval  from  last  drink 

1 

0.03 

0.871 

Test  for  parallelism 

Interval  from  last  meal 
by  exercise  group 

2 

0.53 

0.590 

Interval  from  last  drink 
by  exercise  group 

2 

0.49 

0.618 

Test  for  nonadditive  effect 

Interval  from  last  meal  by 
Interval  from  last  drink 

1 

0.14 

0.713 

*oToi  <  P  <  0.05 
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APPENDIX  F 


STATISTICAL  METHODS 

Normality  of  Distributions 

The  statistical  analyses  were  designed  to  investigate  the  reliability  of  the 
instruments  and  observers,  the  validity  of  bioelectric  impedance  and  the  EchoScan 
1502  ultrasoundmachines,  and  to  estimate  the  effects  of  physiological  factors 
that  could  affect  these  measurements.  The  normality  of  the  variables  was  consid¬ 
ered  first  because  many  of  the  statistical  tests  are  based  upon  the  assumption 
that  the  variables  are  normally  distributed. 


The  Kolmogorov- Smirnov  test  was  used  to  examine  the  distributions  of  the 
data  in  the  present  study.  The  test  involves  specifying  the  cumulative  distribu¬ 
tion  function  that  would  occur  under  the  normal  distribution  and  comparing  this 
with  the  observed  cumulative  distribution  function.  Let  ^(2)  ***»  ^(n) 

the  order  statistic  of  •••,  x^.  Define 


where  X,  S  are  the  mean  and  standard  deviation  of  the  xj^,  i  =  1,  2,  •••,  n.  The 
cumulative  probability  of  the  standard  normal  distribution  is 


(X(i))=  <I){ 


Def ine 


n 


If  dJ[  >  Kqj  then  the  null  hypothesis  is  rejected,  where 


The  results  of  the  Kolmogorov-Smirnov  test  are  presented  in  Tables  F-1  to  F-4, 
in  which  was  determined  from  Stephen's  data  (176).  Two  of  the  distributions 
of  the  inter-machine  and  intra-machine  differences  combined  were  normally 


K  = 
a 


a 


v^n  -  0.01  + 


v'’  n 
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distributed  in  the  men  before  logarithmic  transformation,  but  most  of  the 
distributions  of  the  combined  differences  for  women  were  normal  before  logarith¬ 
mic  transformation.  After  logarithmic  transformations,  all  these  distributions 
were  normal  except  one  in  men  and  three  in  women  (Table  F-1).  Using  the  means 
for  all  observations  within  individuals  in  the  total  sample,  the  distributions 
for  resistance  were  normal.  Most  of  the  distributions  of  the  ultrasonic  measure¬ 
ments  of  subcutaneous  adipose  tissue  were  normally  distributed  before  logarithmic 
transformation,  and  all  were  normally  distributed  after  logarithmic  transforma¬ 
tion  (Table  F-2) .  Corresponding  analyses  for  skinfolds  showed  that  none  of  the 
distributions  were  normal  for  men  before  logarithmic  transformation,  but  those 
for  three  of  the  seven  sites  were  normal  for  Women  before  transformation.  After 
logarithmic  transformation,  the  distributions  of  skinfold  thicknesses  were  normal 
at  all  sites  for  the  women  and  most  sites  for  the  men  (Table  F-3). 

Kolmogorov-Smirnov  tests  showed  the  distributions  of  BD,  KJBF,  and  TBF  Were 
non-normal  in  men  but  all  except  BD  became  normal  after  logarithmic  transforma¬ 
tion  (Table  F-4).  The  corresponding  distributions  were  normal  for  the  women 
without  logarithmic  transformation. 

Reliability 

Instrument  and  observer  reliability  was  analyzed  by  comparing  inter-machine 
and  intra-machine,  inter-observer  and  intra-observer  differences.  Distribution 
statistics  including  mean,  SD,  standard  error  of  the  mean,  and  selected  percen¬ 
tiles  were  calculated  for  these  absolute  differences,  the  TE,  the  CV,  and  the  CR 
were  computed  also. 

The  TE  was  defined  as 


where  dj^  =  the  paired  difference  between  (within)  the  observers  (machines)  Of  the 
i^^  participant,  N  =  the  number  of  participants.  The  CV  was 


X 


where  X  is  the  overall  mean  of  observations. 
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The  CR  p  is  the  intra-class  correlation  coefficient  of  a  random  effects 
model  (177) , 

Y..  =  +  Aj  +  Eij 

where  Yij  is  the  measurement  of  i*-^  participant,  y  is  the  mean  of  the 
general  population,  is  the  i^^  participant’s  effects,  and  is  the  error  of 
measurement  of  the  i^^  participant.  and  are  normally  distributed  with 
zero  means  and  variances  respectively. 

The  calculation  of  p  was  obtained  from  a  nested  analysis  of  variance  with  the 
effects  of  the  observers  (machines)  nested  within  the  participant  (170). 


An  analysis  of  variance,  using  a  three-factor  factorial  mixed  effects  model,  was 
performed  also  to  test  the  main  effects  and  interaction  effects  of  machines  and 
observers  (178). 
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TABLE  F-~l.  D  Statistics  of  Kolmogorov-Smirnov  Tests  of  Normality 
for  Inter-  and  Intra-machine  Differences  Combined. 


Variables 

Men 

Before  Tran.  After  Tran. 

Women 

Before  Tran. 

After  Tran.^ 

Resistance 

0.238* 

0.223 

0.261* 

0.270* 

Ultrasound 

Triceps 

0.117* 

0.078 

0.107* 

0.113* 

Subscapular 

0.126* 

0.067 

0.948 

0.971 

Biceps 

0.110* 

0.067 

0 . 106 

0.064 

Midaxil lary 

0.122* 

0.069 

0.145* 

0.101 

Paraumbilical 

0.178* 

0.126* 

0.135 

0.099 

Anterior  Thigh 

0.103 

0.102 

0 . 090 

0.106 

Lateral  Calf 

0.191* 

0.132 

0.090 

0.087 

Breast 

0.117* 

0.704 

0.113 

0.121* 

Buttocks 

0.091 

0.107 

0 . 083 

0.078 

*  P  <  0.01 

a.  Tran.  =  logarithmic  transformation 

TABLE  F-2.  D  Statistics  of  Kolmogorov-Smirnov  Test?  of  Normality  for 
Resistance  and  Ultrasound  Variables  in  the  Total  Sample. 

Variables 

Men 

a 

Before  Tran.  After  Tran. 

Women 

Before  Tran. 

After  Tran.^ 

Resistance 

0.074 

0.067 

0.053 

0.057 

Ultrasound 

Triceps 

0.086 

0.048 

0.088 

0.053 

Subscapular 

0.098 

0.089 

0.075 

0.056 

Biceps 

0.132* 

0.089 

0.123* 

0.056 

Midaxil lary 

0.145* 

0.090 

0.135* 

0.086 

Paraumbilical 

0.095 

0 . 094 

0.084 

0.113 

Anterior  Thigh 

0.068 

0.064 

0.096 

0.083 

Lateral  Calf 

0.099 

0.068 

0.135* 

0.082 

*  P  <  0.01 

a.  Tran.  =  logarithmic  transformation 
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TABLE  F-3.  D  Statistics  of  Kolmogorov-Smirnov  Tests  of  Normality  for 
Skinfold  Caliper  Measurements  in  the  Total  Sample. 


Variables 

Men 

a 

Before  Tran.  After  Tran. 

Women 

Before  Tran.  After  Tran. 

Triceps 

0 . 135* 

0.061 

0.102 

0.060 

Subscapular 

0.192* 

0.139* 

0.162* 

0.097 

Biceps 

0.228* 

0.184* 

0.132* 

0.084 

Midaxillary 

0.188* 

0.112* 

0 . 200* 

0.109 

Paraumbilical 

0.179* 

0.103 

0.113 

0 . 055 

Anterior  Thigh 

0.164* 

0.079 

0.100 

0.066 

Lateral  Calf 

0.147* 

0.066 

0.118 

0.060 

*  P  <  0.01 

a.  Tran.  =  logarithmic  transformation 


TABLE  F--4.  D  Statistics  for  Kolmogorov-Smirnov  Tests  of  Normality  for 
Body  Composition  Variables  from  Underwater  Weighing. 


Men 

Women 

Variables 

Before  Tran.  After  Tran. 

Before  Tran.  After  Tran. 

Body  Density 

0.129* 

0.132* 

0.085 

0 . 088 

Percent  Body  Fat 

0.135* 

0.073 

0.090 

0.040 

Total  Body  Fat 

0.149* 

0.064 

0.110 

0.081 

Fat  Free  Mass 

0.043 

0.047 

0.076 

0.055 

*  P  <  0.01 

a.  Tran.  =  logarithmic  transformation 
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Validity 

Tests  of  validity  employed  three  types  of  analytic  models:  regression, 
correlation  analyses,  and  **t’*  tests.  The  equations  for  predicting  body  composition 
from  stature^/resistance  used  a  maximum  improvement  method  (14)  to  select  the 
best  equation. 

The  criteria  for  evaluating  these  equations  were  as  follows; 

(1)  C(p)  <  p 

(2)  Where  C(p) ,  as  described  by  Mallows  (179)  is  an  estimate  of  the 
standardized  total  mean  squared  errors  of  prediction, 

C(p)  =  ^  +  2  P-N 

o^ 

in  which  (SSE)p  is  the  sum  of  squared  errors  of  prediction  in  a  p-term  equation, 
while  is  obtained  from  the  model  with  a  full  set  of  predictor  variables.  A 
stepwise  regression  method  was  applied  also  to  the  observed  data.  If  the  models 
selected  by  the  maximum  R^  improvement  method  differ  from  those  selected  by  the 
stepwise  procedures,  it  may  imply  that  the  former  have  many  regressors  with  no 
explanation  capability  and  C(p)  becomes  unreliable  sfince  is  large.  A  detailed 
discussion  is  given  by  Chatterjee  and  Price  (180). 

For  every  selected  model,  the  RMSE,  multiple  R^  and  value  for  the  partial  F 
statistic  of  the  predictor  variable,  and  adjusted  R^  were  reported.  IdlSE  is  a 
measure  of  the  goodness  of  prediction,  bet  be  the  observed  value  of  th© 
i^^  participant,  be  the  predicted  value  of  obtained  from  the  model,  p  be 
the  number  of  predictor  variables  in  the  fitted  equation,  and  N  be  the  number  of 
participants,  then  BIMSE  is 

^  (Yj  -  Yj) 

N-p-1 

The  multiple  value  is  the  proportion  of  the  total  variation  that  is  explaine(| 
by  the  regression  equation,  algebraically,  where  Y  =  jYj^/II.  The  adjusted  R^ 
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b2  .  lUj  - 
Z(Yi  -  5)^ 


is  the  multiple  adjusting  for  the  degree  of  freedom  due  to  the  sum  of  square 


of  errors. 


R^.  _i  (N-1)(I-R^ 
•*  N .  p .  1 


Multicollinearity  among  the  regressors  for  each  selected  model  was  examined. 
The  variance  inflation  factor  (VIF)  indicated  the  extent  of  multicollinearity. 
When  VIF  is  equal  to  1,  there  is  no  multicollinearity.  VIF  is  the  reciprocal 
of  1-R^s  where  is  obtained  by  regressing  the  regressor  of  interest  on  the 

other  regressors. 


Hypotheses  related  to  the  validity  of  the  EchoScan  1502  ultrasound  machine 
were  tested  by  correlating  and  regressing  skinfold  caliper  measurements  on 
corresponding  ultrasonic  measurements.  Multiple  regressions  of  the  differences 
between  skinfold  caliper  measurements  and  corresponding  ultrasonic  measurements 
on  other  variables  were  performed  by  a  stepwise  procedure  with  0.10  as  the 
criterion  for  entry  into  the  equation. 


A  t-test  was  employed  to  evaluate  whether  the  differences  between  the 
estimates  of  BD  from  impedance  plus  anthropometry  and  from  underwater  weighing 
were  the  same  between  blacks  and  whites.  It  was  assumed  that  the  differences  for 
blacks  and  for  whites  were  independent  random  samples  from  two  normally 
distributed  populations.  The  equality  of  variances  based  on  F  statistic  was 
tested.  If  the  test  results  were  nonsignificant  at  «  a  0.05,  then  the  t 
statistic  and  its  degrees  of  freedom  were  modified. 

Physiological  Factors 

Tests  for  the  possible  effects  of  physiological  factors  on  ultrasonic  and 
bioelectric  resistance  measurements  employed  simple  linear  regression,  time 
series,  and  analysis  of  covariance.  A  simple  linear  regression  was  performed  to 
determine  if  resistance  values  were  significantly  related  to  their  time  of 
measurements.- 
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Analysis  of  covariance  is  designed  to  study  the  group  differences  while 
adjusting  for  the  covariates.  The  model  of  one  covariate  and  one-way 
classification  is  illustrated  without  loss  of  generality. 

Yjj  =  +  ttj  +  Pjj  +  e.j 

where  is  the  response  variable,  y  is  overall  mean  of  the  response  variable, 
is  the  i^i'  group  effect,  (i  is  the  regression  coefficient  of  the  covariate 
,  and  €£j  is  the  error.  The  assumptions  of  the  model  are  linearity  between 
response  variable  and  covariate,  parallel  slopes  among  groups  in  the  relationship 
of  response  variable  and  covariate,  and  homogeneity  of  variance.  A  test  of  the 
hypothesis  on  the  covariate  effects  can  be  performed  by  calculating  the  partial  F 
statistic  adjusting  for  the  group  effects.  Equality  of  the  adjusted  group  means 
is  tested  based  on  the  partial  F  statistic  adjusting  for  the  covariate. 

Cross-sectional  resistance  data  were  evaluated  in  relation  to  the  possible 
effects  of  contraceptive  usage  and  the  possible  effects  of  time  interval  from  the 
date  of  examination  to  the  first  day  of  the  last  menstrual  period.  In  the  model, 
resistance  was  the  response  variable,  contraceptive  usage  was  the  categorial 
variable  with  the  time  interval  as  the  covariate. 

Time  trend  models  are  appropriate  for  determining  a  pattern  across  time. 

They  can  be  fitted  to  data  using  regression  analysis.  The  linear  trend  model  is 
expressed  as: 

Yj  =  a  +  bt  +  , 

where  =  the  observed  value  at  time  t,  a  is  the  estimated  value  at  time  zero, 
b  is  the  scope  and  is  the  error  at  time  t.  The  quadratic  model, 

2 

Yj  =  a+  b,l  +  b^t  +  e, 

is  an  extension  of  the  linear  trend  model  to  a  curvelinear  model. 

A  test  for  autocorrelation  of  the  residuals  was  performed,  assuming  that  the 

errors  constituted  a  first  order  autoregressive  series,  using  the  Durbin-Watson 

N 

statistic  d,  E  ^ 

t=2  (  -  ) 


The  autocorrelations  were  removed  by  the  method  of  Cochrane  and  Orcutt  (181) 
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APPENDIX  G 


VARIATION  WITH  MENSTRUAL  CYCLE 


TABLE  G-1.  Distribution  Statistics  for  Anthropometric  Variables  at 
the  First  and  Last  Examinations  of  Women  Taking  Oral 
Contraceptives  (N  =11), 


Variables 

Mean 

SD 

SE 

of  Mean 

Minimum 

Value 

Median 

Maximum 

Value 

First  Examination 

weight  (kg) 

63.37 

12.86 

3.88 

48.5 

58.1 

89.0 

stature  (cm) 

166.55 

5.93 

1.79 

157.5 

166.1 

179.2 

calf  circumference 

(cm) 

36.19 

3.52 

1.06 

32.3 

35.3 

45.3 

arm  circumference 

(cm) 

28.48 

4.42 

1.33 

24.5 

26.0 

38.1 

Last  Examination 

weight  (kg) 

63.44 

12.73 

3.84 

48 . 4 

58.3 

85.0 

stature  (cm) 

166.58 

5.88 

1.77 

157.8 

166.6 

179.6 

calf  circumference 

(cm) 

36.17 

3.29 

0.99 

32.7 

34.6 

43.9 

arm  circumference 

(cm) 

28.40 

4.33 

1.31 

23.3 

26.6 

37.3 

TABLE  G-2 

.  Distribution 
at  the  First 
Taking  Oral  ' 

Statistics  for  Anthropometric  Variables 
and  Last  Examinations  of  Women  Not 
Contraceptives  (N  =  18) . 

Variables 

Mean 

SD 

SE 

of  Mean 

Minimum 

Value 

Median 

Maximum 

Value 

First  Examination 

weight  (kg) 

65.86 

17.68 

4.17 

49.8 

57.9 

116.2 

stature  (cm) 

163.23 

7.80 

1.84 

149.0 

163.9 

175.7 

calf  circumference 

(cm) 

36.82 

5.78 

1.36 

29.3 

35.2 

52.2 

arm  circumference 

(cm) 

29.65 

4.90 

1.15 

24.1 

28.9 

43.4 

Last  Examination 

weight  (kg) 

65.78 

18.05 

4.25 

49.9 

57.9 

117.3 

stature  (cm) 

163.19 

7.86 

1.85 

148.9 

163.7 

176.2 

calf  circumference 

(cm) 

36.71 

5.93 

1.40 

29.2 

34.7 

52.4 

arm  circumference 

(cm) 

29.69 

5.10 

1.20 

23.9 

28.7 

44.3 
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TABLE  G-3.  Distribution  Statistics  for  Stature^/Resistance  (cm^/ohm) 

for  Each  Woman  Taking  Oral  Contraceptives  (N  =  34-35  days). 


Woman 

No. 

Mean 

SD 

SE 

of  Mean 

Minimum 

Value 

Median 

Maximum 

Value 

4 

54 

26 

2 

16 

0.37 

48 

11 

54 

44 

58 

94 

5 

58 

79 

1 

66 

0.28 

55 

05 

58 

57 

61 

63 

6 

48 

36 

1 

21 

0.21 

46 

36 

48 

23 

50 

72 

7 

45 

62 

1 

17 

0.20 

43 

76 

45 

30 

49 

56 

8 

47 

64 

0 

99 

0.17 

45 

14 

47 

83 

49 

09 

9 

46 

07 

1 

86 

0.31 

43 

39 

45 

94 

55 

28 

10. 

38 

56 

0 

87 

0.15 

36 

61 

38 

45 

40 

30 

13 

51 

22 

2 

17 

0.37 

45 

33 

51 

16 

55 

60 

22 

46 

36 

1 

45 

0.24 

42 

06 

46 

56 

49 

35 

26 

51 

23 

1 

37 

0.23 

48 

93 

51 

10 

54 

32 

29 

45 

38 

1 

38 

0.23 

42 

84 

45 

26 

48 

06 

TABLE  G-4. 

Distribution  Statistics  for  Daily  Increments  of  Stature^/ 
Resistance  (cra^/ohm  per  day)  for  Each  Woman  Taking  Oral 
Contraceptives  (N  =  32-34  days) . 

Woman 

No. 

Mean 

SD 

SE 

of  Mean 

Minimum 

Value 

Median 

Maximum 

Value 

4 

0.01 

2.49 

0.43 

00 

00 

i 

-  0 . 05 

4.60 

5 

0.17 

1.98 

0.34 

-6.45 

0.49 

3.42 

6 

-0.02 

1.12 

0.19 

-2.32 

0.08 

2.09 

7 

-0.11 

1.51 

0.26 

-3.87 

-0.03 

2.68 

8 

-0 . 03 

1.28 

0.22 

-1 . 86 

-0.25 

2.12 

9 

-  0 . 03 

2.51 

0.43 

-8.76 

-  0 . 04 

9.34 

10 

0.002 

1.06 

0.19 

-1.98 

0.14 

2.22 

13 

0.003 

2.84 

0.49 

-6.33 

-0.44 

6.13 

22 

0.07 

1.7  7 

0.30 

-4.72 

0.14 

5.24 

26 

0.11 

1.60 

0.28 

-3.53 

0.33 

3.30 

29 

-  0 . 09 

1.32 

0.22 

-2.12 

0.08 

3.48 

TABLE  G-5. 


Minimum  and  Maximum  Values  for  Stature^/Resistance 
(cm^/ohm)  Within  the  Serial  Data  for  Each  Woman 
Taking  Oral  Contraceptives  with  the  Days  of  the 
Menstrual  Cycles  at  Which  These  Values  Were  Noted. 


Woman  No. 

Minimum 

Corresponding 

Day 

Maximum 

Corresponding 

Day 

4 

48.11 

8 

58.94 

25 

5 

55,05 

4 

61.63 

22 

6 

46.36 

8 

50.72 

4 

7 

43.76 

1 

49.56 

22 

8 

45.14 

11 

49.09 

18 

9 

43.39 

19 

55.28 

8 

10 

36.61 

5 

40.30 

17 

13 

45.33 

12 

55.60 

0 

22 

42.06 

12 

49.35 

4 

26 

48.93 

10 

54.32 

23 

29 

42.84 

4 

48.06 

25 

TABLE  G-6.  Distribution  Statistics  for  Weight 
Taking  Oral  Contraceptives  (N  =  35 

(kg)  of  Each  Woman 
days) . 

Woman 

No. 

Mean 

SD 

SE 

of  Mean 

Minimum 

Value 

Median 

Maximum 

Value 

4 

88.38 

1.20 

0.20 

85.5 

88.5 

90.9 

5 

70.13 

0.70 

0.12 

68.7 

70.1 

71.5 

6 

55.84 

0.40 

0.07 

55.1 

55.9 

56.7 

7 

65.41 

0.35 

0.06 

64.5 

65.4 

66.3 

8 

55.93 

0.53 

0.09 

54.9 

56.0 

56.9 

9 

58.27 

0,46 

0.08 

57.2 

58.3 

59.6 

10 

52.14 

0.44 

0.07 

51.3 

52.2 

53.2 

13 

78.38 

0.99 

0.17 

76.8 

78.3 

80.7 

22 

53.06 

0.56 

0.09 

51.9 

53.1 

54.2 

26 

7  7.38 

0.55 

0.09 

76.4 

77.3 

78.7 

29 

49.17 

0.41 

0.07 

48.0 

49.1 

49.9 
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TABLE  G- 7 .  Distribution  Statistics  for  Daily  Increments  of  Weight  (kg/day) 
for  Each  Woman  Taking  Oral  Contraceptives  (N  =  34  days). 


Woman 

No. 

Mean 

SD 

SE 

of  Mean 

Minimum 

Value 

Median 

Maximum 

Value 

4 

-  0 . 10 

0.76 

0.13 

-1.5 

-0.1 

1.5 

5 

0.32 

0.72 

0.12 

-1.2 

1.8 

6 

-  0 . 04 

0.47 

0.08 

-1 . 3 

0.0 

0.8 

7 

0.02 

0.37 

0.06 

-0.8 

0.7 

8 

0.02 

0.58 

0.10 

-  1.3 

0.0 

1.3 

9 

0.01 

0.08 

-0.7 

0.0 

0.9 

10 

0.02 

0.47 

0.08 

-  1.2 

0.0 

0.9 

13 

0.06 

0.15 

-1.9 

2.1 

22 

-  0 . 15 

0.45 

0.08 

-  1.2 

0.0 

0.8 

26 

0.11 

0.63 

0.11 

-1.2 

0.0 

1.3 

29 

0.003 

0.50 

0.09 

-0.9 

1.3 

TABLE  G 8. 

Distribution  Statistics  for  Estimated  Percent  Body  Fat  (BF7o)* 
of  Each  Woman  Taking  Oral  Contraceptives  (N  =  34-35  days) . 

Woman 

Mean 

SD 

SE 

Minimum 

Maximum 

No. 

of  Mean 

Value 

Median 

Value 

4 

49.29 

1.61 

0.27 

45.42 

49.19 

53 . 49 

5 

49 . 75 

1.25 

0.21 

47.60 

49 . 76 

53.97 

6 

21.42 

0.98 

0.17 

19.51 

21.66 

23 . 00 

7 

27.47 

0.95 

0.16 

24.10 

27.73 

29.01 

8 

20.79 

0.77 

0.13 

19.51 

20.65 

22.60 

9 

22.65 

1.55 

0.26 

14.89 

22.74 

24.75 

10 

26.95 

0.67 

0 . 12 

25.85 

26 . 98 

28.52 

13 

37.35 

1.63 

0.28 

33.94 

37.38 

42.15 

22 

20.91 

1.10 

0.19 

18.72 

20.70 

24.33 

26 

35 . 19 

1.11 

0.19 

32.58 

35.27 

37.17 

29 

24.07 

1.11 

0.19 

22.05 

24.20 

26.04 

*  %BF  predicted 

from  equation 

in  Table  C- 

6. 
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TABLE  G-9.  Distribution  Statistics  for  Daily  Increments  of  Estimated 
Values  for  Percent  Body  Fat  (BB’%)*  of  Each  Woman  Taking 
Oral  Contraceptives  (N  =  32-34  days) . 


Woman 

No. 

Mean 

SD 

SE 

of  Mean 

Minimum 

Value 

Median 

Maximum 

J/alue 

4 

-0.04 

1.92 

0.33 

-3.72 

0.01 

3.57 

5 

-0.13 

1.53 

0.26 

-2.61 

-0 . 24 

5.16 

6 

0.01 

0.87 

0.15 

-1.60 

-0.05 

1.64 

7 

0.10 

1.22 

0.21 

-2.16 

0.05 

3.43 

8 

0.03 

0.99 

0.17 

-1.74 

0.11 

1.61 

9 

0.03 

2.08 

0.36 

-7.72 

0.04 

7.34 

10 

0.00 

0.86 

0.15 

-1 . 94 

-0 . 05 

1.65 

13 

0.02 

2.19 

0.38 

-4.61 

0.17 

5.35 

22 

-0.07 

1.40 

0.24 

-4.22 

-0 . 13 

3.76 

26 

-0.07 

0.24 

0.24 

-2.80 

-0 , 18 

2.86 

29 

0.08 

1.05 

0.18 

-2.85 

-0 . 10 

1.70 

*  %BF  predicted  from  equation  in  Table  C-6 . 
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TABLE  G”10.  Lineat  Regression  of  Stature^/Resistance  (cm^/ohm) 
Versus  Days  from  Last  Menstrual  Period  for  Each 
Woman  Taking  Oral  Contraceptives. 


Woma:n 

IJO. 

Independent 

variable 

Regression 

Coefficients 

t** 

P  Value 

Durb in-Watson 
d  Statistics 

No  Significant  Autocorrelations 

4 

constant  term 

53.21* 

68.45 

0.0001 

1.25 

days 

0.08 

1.57 

0.128 

5 

constant  term 

58.78* 

92.71 

0 . 0001 

1.33 

days 

0.01 

0.35 

0.732 

7 

constant  tenn 

45 . 34* 

121.72 

0.0001 

2.02 

days 

0.01 

0 . 44 

0.662 

9 

constant  term 

46.45* 

62.60 

0.0001 

1.78 

days 

-  0 . 03 

-0.67 

0.512 

10 

constant  term 

37.89* 

111.76 

0 . 0001 

1.51 

days 

0.05 

2.03 

0.054 

13 

constant  term 

52.67* 

63.08 

0.0001 

1.70 

days 

-0.11 

-1.56 

0.136 

22 

constant  term 

45.22* 

84.46 

0 . 0001 

1.93 

days 

0.08 

2.06 

0.051 

26 

constant  term 

50.43* 

104.17 

0.0001 

1.68 

days 

0.08* 

2.44 

0 . 023 

29 

constant  term 

43.60* 

123.43 

0.0001 

2.06 

days 

0 . 14* 

6.16 

0.0001 

Third  Order  Significant 

8 

constant  term 

47.62* 

185 .53 

0.0001 

P3  =  0.438* 

days 

-0.009 

-0 . 54 

0.595 

First  and 

Third  Order  Significant 

6 

constant  term 

48.21* 

86.78 

0.0001 

Pi  =  -0.772* 

days 

0.007 

0.21 

0.835 

P3  =  0.397* 

*  significant  at  a  =  0.05 
**  statistics  for  Ho:  coefficient  =  0 
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TABLE  G-11.  Non-Linear  Regressions  of  Stature^ /Resistance 

(cm^/ohm)  Versus  Days  and  Days^  from  Last  Menstrual 
Periods  for  Each  Woman  Taking  Oral  Contraceptives. 


Woman 

Mn  ■ 

Independent 

Variable 

Regression 
Coef  f icients 

t** 

P  Value 

Durbin- Wat son 
d  Statistics 

No  Significant  Autocorrelations 

A 

constant  term 

54.51* 

50.49 

0 . 0001 

1.38 

days 

-0.22 

-1.20 

0.2407 

days^ 

0.01 

1.68 

0.1058 

5 

constant  term 

60.08* 

70.28 

0.0001 

1.55 

days 

-0.29 

-1.96 

0.0618 

days^ 

0.01* 

2.12 

0.0439 

7 

constant  term 

44.73* 

86.37 

0.0001 

2.24 

days 

0.15 

1.72 

0.0970 

days^ 

-0.005 

-1.66 

0.1088 

9 

constant  term 

46.40* 

42.66 

0.0001 

1.78 

days 

-0.02 

-0.11 

0.9142 

days^ 

-0.0004 

-0.06 

0.9514 

10 

constant  term 

38.33* 

50.13 

0.0001 

1.52 

days 

-0.07 

-0.19 

0.8581 

days^ 

0.002 

0.05 

0.9640 

13 

constant  term 

54.13* 

48.24 

0.0001 

1.96 

days 

-0.54* 

-2.19 

0.0409 

days^ 

0.02 

1.83 

0.0832 

22 

constant  term 

46.05* 

61.97 

0.0001 

2.12 

days 

-0.14 

-0.95 

0.3536 

days^ 

0.009 

1.55 

0.1353 

29 

constant  term 

43.57* 

84.21 

0.0001 

2.06 

days 

0.14 

1.64 

0.1139 

days”^ 

-0.0003 

-0 . 08 

0.9346 

First  Order  Significant 

26 

constant  term 

51.98* 

141.02 

0.0001 

0.43* 

days 

-0.32* 

-4.47 

0.0002 

days^ 

0.02* 

5.83 

0.0001 

Third  Order  Significant 

8 

constant  term 

48.10* 

128.54 

0.0001 

P3  = 

0.49* 

days 

-0.11 

-1.7  7 

0.0892 

days”^ 

0.004 

1.69 

0.1048 

First  and 

Third  Order  Significant 

6 

constant  term 

49.29* 

78.94 

0.0001 

PI  = 

-0.58* 

days 

-0.22 

-2.05 

0.0519 

P3  = 

0.41* 

days^ 

0.008* 

2.15 

0.0427 

*  significant  at  a  =  0.05 
**  statistics  for  Ho:  coefficient  =  0 
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2 

TABLE  G 12.  Distribution  Statistics  for  Stature  /Resistance 
(cm^/ohm)  for  Each  Woman  not  Taking  Oral 


Contraceptives 

(N  = 

34-35  days) . 

woman 

NO . 

Mean 

SD 

SE 

of  Mean 

Minimum 

Value 

Median 

Maximum 

value 

2 

43.50 

1.48 

0.25 

40.75 

43.48 

46.67 

3 

46.89 

1.30 

0.22 

43.22 

47.13 

50.10 

11 

47.24 

1.48 

0.25 

41.85 

47.06 

50.64 

16 

44.26 

1.35 

0.23 

40.98 

44.29 

46 . 78 

17 

43.40 

1.46 

0.25 

40.15 

43.57 

46.00 

18 

39.94 

0.97 

0.17 

37.61 

39.95 

42.13 

19 

48.33 

1.16 

0.20 

45.73 

48.32 

51.13 

20 

44 . 01 

1.04 

0.18 

41.45 

44.02 

46.47 

21 

64.82 

2.25 

0.38 

61.03 

64.73 

69.06 

23 

57.06 

1.95 

0.33 

53.21 

57.09 

61.45 

24 

46.84 

1.07 

0.18 

45.21 

46.71 

48.95 

25 

47.50 

1.17 

0.20 

45.44 

47.40 

50.14 

2  7 

50.46 

1.73 

0.29 

47.21 

49.97 

54.29 

28 

44.90 

1.48 

0.25 

41 . 96 

44.75 

48.38 

30 

45.85 

1.69 

0.29 

41.82 

45.62 

49.46 

31 

38.42 

1.16 

0.19 

34.34 

38.41 

40.84 

32 

52.19 

2.78 

0.47 

48.11 

52.13 

65.38 

33 

30.84 

0.95 

0.16 

29.09 

30.99 

33.78 

184 


TABLE  G-13.  Minimum  and  Maximum  Values  for  Stature  /Resistance 
(cm^/ohm)  Within  the  Serial  Data  for  Each  Woman 
Not  Taking  Oral  Contraceptives  with  the  Days  of 
the  Menstrual  Cycles  on  Which  They  Occurred. 


Woman  No. 

Minimum  Corresponding 

Day 

Maximum  Corresponding 

_ Pay..., _ 

2 

40.75 

26 

46.67 

13 

3 

43.22 

19 

50.10 

2 

11 

41.85 

15 

50.64 

32 

16 

40.98 

15 

46 . 78 

2 

17 

40.15 

32 

46.00 

21 

18 

37.61 

4 

42.13 

9 

19 

45.73 

16 

51.13 

1 

20 

41.45 

32 

46.47 

22 

21 

61.03 

1 

69.06 

22 

23 

53.21 

10 

61.45 

19 

24 

45.21 

3 

48.95 

16 

25 

45.44 

20 

50.14 

21 

27 

47.21 

25 

54.29 

2 

28 

41.96 

0 

48.38 

6 

30 

41.82 

21 

49.46 

28 

31 

34.34 

9 

40.84 

31 

32 

48.11 

15 

65.38 

8 

33 

29.09 

5 

33.78 

18 
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TABLE  G~14,  Distribution  Statistics  for  Daily  Increments  of  Stature^/ 

Resistance  (cm^/ohm  per  day)  for  Each  Woman  not  Taking  Oral 


Contraceptives  (N  =  32-34  days). 

Woman 

Wo. 

Mean 

SD 

SE 

of  Mean 

Minimum 

Value 

Median 

Maximum 

Value 

2 

-0 . 04 

1.41 

0.24 

-3.33 

-0.03 

3.38 

3 

0.08 

1.69 

0.29 

-3.99 

0.23 

3.21 

11 

-0 . 10 

1.51 

0.27 

00 

CM 

i 

-0 . 16 

4.67 

16 

-  0 . 08 

1.53 

0.26 

-2 . 86 

-0.30 

3.33 

17 

0 

1.98 

0.34 

-4.73 

0.26 

4.65 

18 

0.03 

1.06 

0.19 

-2.30 

-0.03 

2.16 

19 

0.05 

1.06 

0.18 

-2.43 

0.08 

1.64 

20 

-0.07 

1.44 

0.25 

-2.23 

-0.21 

3.14 

21 

-0 . 02 

2.33 

0.40 

-3.97 

-0.42 

3.84 

23 

0.03 

2.09 

0.36 

-5.22 

0.37 

4.49 

24 

0 

1.39 

0.24 

-2.89 

0.08 

2.38 

25 

-0.11 

1.41 

0.25 

-3.85 

-0.27 

3.21 

27 

-0.07 

2 . 06 

0.35 

-6.04 

-0.23 

4.61 

28 

0.03 

1.88 

0.32 

-4.73 

-0.12 

4.52 

30 

0.04 

1.87 

0.32 

-5.10 

0.19 

2.81 

31 

-0.03 

1.44 

0.25 

-4.08 

0 . 03 

4.72 

32 

-0.09 

3.67 

0.63 

-14 . 21 

-0.31 

12.81 

33 

0.01 

0.87 

0.15 

-1.71 

0.04 

2.21 

TABLE  G-“15.  Distribution  Statistics  for  Weight  (kg)  of  Each  Woman 
not  Taking  Oral  Contraceptives  (N  =  35  days). 


Woman 

No. 

Mean 

SD 

SE 

of  Mean 

Minimum 

Value 

Median 

Maximum 

Value 

2 

72.22 

0.52 

0.09 

71.4 

72.3 

73.2 

3 

79.31 

0.63 

0.11 

78.0 

79.4 

80.5 

11 

66.43 

0.99 

0.17 

65.1 

66.5 

68.2 

16 

68.42 

0.82 

0.14 

66.5 

68.5 

69.6 

17 

58.37 

0.75 

0.13 

56.8 

58.3 

59.8 

18 

50.21 

0.41 

0.07 

48.8 

50.2 

50.9 

19 

56.98 

0.59 

0.09 

55.7 

57.0 

58.1 

20 

51.90 

0.44 

0.07 

50.5 

52.0 

52.5 

21 

117.97 

1.38 

0.23 

115 . 3 

117.8 

121.1 

23 

99.43 

0.63 

0.11 

97.7 

99.4 

100.8 

24 

78.78 

0.48 

0.08 

78.0 

78.8 

80.1 

25 

53.15 

0.86 

0.14 

51.6 

53.1 

54.8 

2  7 

55.97 

0.62 

0.10 

54.8 

55.8 

57.2 

28 

56.02 

0.49 

0.08 

55.2 

55.9 

57.1 

30 

54.85 

0.27 

0.04 

54.3 

54.9 

55.3 

31 

61.17 

0.44 

0.07 

60.4 

61.1 

62.2 

32 

58.57 

0.75 

0.13 

57.1 

58.4 

59.9 

33 

52.20 

0.29 

0.05 

51.6 

52.2 

52.8 
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TABLE  G 16,  Distribution  Statistics  for  Daily  Increments  of  Weight 
(kg/day)  of  Each  Woman  not  Taking  Oral  Contraceptives 
(N  =  34  increments). 


Woman 

No. 

Mean 

SD 

SE 

of  Mean 

Minimum 

Value 

Median 

Maximum 

Value 

2 

0.01 

0.41 

0.07 

-0,6 

0.0 

1.2 

3 

0.04 

0.45 

0.08 

-1.0 

0.0 

0.9 

ii 

0.08 

0.62 

0.11 

-0.9 

0.1 

1.8 

16 

~  0 . 08 

0,51 

0.09 

-1.0 

-0 . 1 

1.0 

17 

0.06 

0.76 

0,13 

-1,3 

0.3 

1.5 

18 

0.02 

0.56 

0.09 

-1.4 

-0.1 

1,4 

19 

0.04 

0.53 

0.09 

-1.2 

0.1 

1.1 

20 

-  0 . 01 

0.52 

0.09 

-1.1 

0.1 

1.5 

21 

0.02 

0,75 

0,13 

-1.6 

0.1 

2.0 

23 

0.01 

0.59 

0.10 

-0.9 

0.1 

i-1 

24 

-  0 . 02 

0.54 

0,09 

-1.0 

0 

1.5 

25 

0,0 

0.57 

0.09 

-1.1 

-0 . 1 

1.0 

27 

-0.02 

0.75 

0.13 

-1.6 

-0.2 

1.6 

28 

-  0 . 04 

0.52 

0.09 

-1.1 

-0.2 

0.9 

30 

-0.003 

0.37 

0.06 

-0.7 

-0.1 

0.8 

31 

-  0 . 04 

0.48 

0.08 

-1.0 

0.0 

1.3 

32 

-0.07 

0.44 

0.07 

-0.9 

-0.1 

0.9 

33 

0.01 

0.30 

0.05 

-0.6 

0.0 

0.5 
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TABLE  G  17.  Distribution  Statistics  for  Estimated  Percent  Body  Fat  (7oBF)* 
of  Each  Woman  not  Taking  Oral  Contraceptives  (N  =  34-35  days). 


Woman 

No. 

Mean 

SD 

SE 

of  Mean 

Minimum 

Value 

Median 

Maximum 

Value 

2 

39.21 

1.13 

0.19 

36.89 

39.17 

41.42 

3 

46.40 

0.98 

0.17 

44.12 

46.29 

49.25 

11 

30 . 93 

1 . 12 

0.19 

28.61 

30.88 

35.18 

16 

35.98 

1.00 

0.17 

34.23 

35.98 

38.28 

17 

29.30 

1.12 

0.19 

27.43 

29.24 

31.81 

18 

24 . 20 

0.77 

0.13 

22.60 

24.18 

27.25 

19 

21.92 

0.85 

0.14 

19 . 76 

21.87 

23.99 

20 

23.74 

0.82 

0.14 

21.74 

23.59 

25.42 

21 

63.75 

1.64 

0.28 

60.50 

63.78 

67.16 

23 

56.34 

1.51 

0.25 

53.14 

56.30 

59.50 

24 

45.50 

0.86 

0.15 

43.67 

45.48 

47.99 

25 

22.82 

0.92 

0.16 

20.86 

22.92 

24.27 

27 

18.65 

1.28 

0.22 

15.70 

19 . 00 

20.98 

28 

27.38 

1.19 

0.20 

24.62 

27.60 

29.66 

30 

30 . 24 

1.38 

0.23 

27.29 

30.44 

33.60 

31 

38.26 

0.94 

0.16 

36.41 

38.21 

41.53 

32 

17.64 

2.23 

0.38 

6.57 

17.90 

20.59 

33 

29.71 

0.75 

0.13 

27.36 

29.61 

31.06 

*  %BF  predicted  from  the  equation  in  Table  C~6 . 
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TABLE  G~18.  Distribution  Statistics  for  Daily  Increments  of  Estimated 
Percent  Body  Fat  (%BF)*  of  Each  Woman  not  Taking  Oral 
Contraceptives  (N  =  32-34  days). 


Woman 

No. 

Mean 

SD 

SE 

of  Mean 

Minimum 

Value 

Median 

Maximum 

Value 

2 

0.04 

1.10 

0.19 

-2.67 

0.04 

2.57 

3 

-  0 . 05 

1.39 

0.24 

-2.69 

-  0 . 13 

3.19 

11 

0.09 

1.25 

0.22 

-3.90 

0.03 

3.71 

16 

0.04 

1.24 

0.21 

-2.48 

0.33 

2.40 

17 

0.02 

1.56 

0.27 

-3.61 

-0.19 

3.86 

18 

-  0 . 03 

0.84 

0.15 

-1.98 

0.13 

2.10 

19 

-  0 . 03 

0.78 

0.13 

-1.28 

-0 . 03 

1.86 

20 

0.06 

1.16 

0.20 

-2.13 

0.16 

1.82 

21 

0.02 

1.81 

0.31 

-3.03 

0.09 

3,33 

23 

-  0 . 02 

1.67 

0.29 

-3.60 

-  0 . 15 

4.08 

24 

-0 . 01 

1.09 

0.19 

-1.95 

-0.09 

2.25 

25 

0.10 

1.15 

0.20 

-2.35 

0.27 

3.16 

27 

0.05 

1.57 

0.27 

-3.38 

0.12 

4,51 

28 

-  0 . 04 

1.48 

0.25 

-3.59 

0.19 

3.80 

30 

-0 . 03 

1.51 

0.26 

-2.46 

-0.23 

4.01 

31 

0.02 

1.19 

0.20 

-3.89 

-0.05 

3.32 

32 

0.06 

3.05 

0.52 

-10 . 82 

0.87 

11.73 

33 

-0.01 

0.74 

0.13 

-1.93 

-0.00 

1.32 

*  %BF  predicted 

from  the  equation 

in  Table 

C-6 . 

190 


2  .  2 

TABLE  G-19.  Regressions  of  Stature  /Resistance  (cm  /ohm) 

Versus  Days  from  Last  Menstrual  Period  for  Each 
Woman  not  Taking  Oral  Contraceptives. 


Woman 

No . 

Independent 

Variable 

Regression 

Coefficients 

t** 

P  Value 

Durbin-Watson 
d  Statistics 

No  Significant  Autocorrelations 

3 

constant  term 

47.13* 

106.78 

0 . 0001 

1.775 

days 

-0 . 009 

-0.38 

0.705 

11 

constant  term 

46.22* 

102.47 

0 . 0001 

1.213 

days 

0.06* 

2.66 

0.012 

17 

constant  term 

44.01* 

88.01 

0 . 0001 

1.664 

days 

-0.04 

-1.45 

0.157 

18 

constant  term 

40.53* 

115.43 

0.0001 

1.298 

days 

-0.04 

-1.89 

0.070 

19 

constant  term 

49.29* 

121.47 

0 . 0001 

1.014 

days 

-0.06* 

-2.28 

0.031 

24 

constant  term 

46.39* 

121.82 

0 . 0001 

1.738 

days 

0.02 

1.33 

0.194 

25 

constant  term 

47.81* 

119.15 

0 . 0001 

1.571 

days 

-0 . 03 

-1.12 

0.274 

28 

constant  term 

44.77* 

74.96 

0 . 0001 

1.518 

days 

0.01 

0.35 

0.729 

30 

constant  term 

46.39* 

82.33 

0.0001 

1.261 

days 

-0.02 

-0.66 

0.514 

31 

constant  term 

37.74* 

98.94 

0.0001 

1.688 

days 

0.04 

1.97 

0.058 

32 

constant  term 

53.66* 

35.70 

0.0001 

1.971 

days 

-0.18 

-1.28 

0.217 

First  Order 

Significant 

2 

constant  term 

43.28* 

46.39 

0.0001 

PI  =  -0.477* 

days 

0.005 

0.09 

0.933 

33 

constant  term 

30.34* 

55.89 

0.0001 

Pi  =  -0.555* 

days 

0.03 

1.06 

0.297 

Second  Order 

Significant 

16 

constant  term 

44.07* 

67.43 

0 . 0001 

P2  =  -0.370* 

days 

0.007 

0.19 

0.846 

20 

constant  term 

44.02* 

163.82 

0.0001 

P2  =  -0.365* 

days 

-0.0005 

-0.04 

0.968 
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2  2 

TABLE  G-19.  Regressions  of  Stature  /Resistance  (cm  /ohm) 

Versus  Days  from  Last  Menstrual  Period  for  Each 
Women  not  Taking  Oral  Contraceptives.  (Continued) 


Woman 

Independent 

Regression 

t** 

P  Value 

Du rb in-Wat son 

No . 

Variable 

Coefficients 

d  Statistics 

Third  Order 

Significant 

21 

constant  term 

62.68* 

132.09 

0.0001 

P3  =  0.400* 

days 

0 . 18* 

5 . 98 

0.0001 

23 

constant  term 

56.05* 

114.66 

0 . 0001 

P3  =  0.474* 

days 

0.09* 

2.74 

0.001 

Fourth  Order 

Significant 

27 

constant  term 

50.77* 

122. 79 

0 . 0001 

P4  =  0.386* 

days 

-  0 . 03 

-1.16 

0.254 

*  significant  at  a  =  0.05 
**  statistics  for  Ho;  coefficient  =  0 
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TABLE  G-20.  Regressions  of  Stature^/Resistance  (cm^/ohm) 

Versus  Days  and  Days^  from  the  Last  Menstrual  Periods 
for  Each  Woman  not  Taking  Oral  Contraceptives. 


Woman 

No. 

Independent 

Variable 

Regression  t** 

Coefficients 

P  Value 

Du  rb  in- Wa  t  s  on 
d  Statistics 

No  Significant  Autocorrelations 

2 

constant  term 

40.94* 

70.41 

0.0001 

1.97 

days 

0.56* 

5.65 

0.0001 

days^ 

-0 . 02* 

-5.72 

0.0001 

3 

constant  term 

48.11* 

80.32 

0.0001 

2.08 

days 

-0.20* 

-2.30 

0.0284 

days^ 

0.006* 

2.28 

0 . 0302 

11 

constant  term 

47.20* 

73.70 

0.0001 

1.60 

days 

-0.08 

-0.66 

0.5153 

days^ 

0 . 002 

0.55 

0.5855 

16 

constant  term 

45.08* 

71.33 

0.0001 

1.53 

days 

-0.23* 

-2.29 

0.0302 

days^ 

0.008* 

2.52 

0.0179 

17 

constant  term 

43.71* 

59.79 

0.0001 

1.68 

days 

0.02 

0.18 

0.8606 

days^ 

-0.002 

-0.57 

0.5764 

18 

constant  term 

40.94* 

53.04 

0.0001 

1.30 

days 

-0 . 46 

-1.41 

0.1925 

days^ 

0.05 

1.65 

0.1326 

19 

constant  term 

50.39* 

98.10 

0.0001 

1.30 

days 

-0.30* 

-3.55 

0 . 0015 

days^ 

0.009* 

2.98 

0.0062 

24 

constant  term 

45.79* 

72.60 

0.0001 

1.82 

days 

0.11 

1.48 

0.1482 

days^ 

-0.002 

-1.21 

0.2367 

25 

constant  term 

48.55* 

79.63 

0.0001 

1.61 

days 

-0.38 

-1 . 86 

0.0882 

days^ 

0.02 

1.72 

0.1104 

27 

constant  term 

50.67* 

60.60 

0 . 0001 

1.26 

days 

-0.03 

-  0 . 23 

0.8178 

days^ 

0.0005 

0.12 

0.9061 

28 

constant  term 

44.09* 

51.71 

0.0001 

1.58 

days 

0.18 

1.17 

0.2555 

days^ 

-0.006 

-1.11 

0.2773 

193 


2  .  2 

TABLE  G  20.  Regressions  of  Stature  /Resistance  (cm  /ohm) 
Versus  Days  and  Days^  from  the  Last  Menstrual 
Periods  for  Each  Woman  not  Taking  Oral 
Contraceptives.  (Continued) 


Woman 

No. 

Independent 

Variable 

Regression  t** 

Coefficients 

P  Value 

Durb in-Wats  on 
d  Statistics 

30 

constant  term 

47.99* 

67.47 

0 . 0001 

1.69 

days 

-0.35* 

-  3 . 23 

0.0032 

days^ 

0 . 01* 

3.14 

0.0040 

32 

constant  term 

51.76* 

24 . 94 

0 . 0001 

2.18 

days 

0.49 

0.91 

0.3742 

days^ 

-0.04 

-1 . 30 

0.2115 

First  Order 

Significant 

33 

constant  term 

30.02* 

42.62 

0 . 0001 

P3  =  -0.52* 

days 

0.10 

0.96 

0.3433 

days^ 

-  0 . 002 

-0.66 

0.5137 

Second  Order  Significant 

20 

constant  term 

44.03* 

100.08 

0.0001 

P3  ~  0.36* 

days 

- 0 . 002 

-0 . 03 

0.9760 

days^ 

0.00003 

0.02 

0 . 9830 

Third  Order 

Significant 

21 

constant  term 

62.35* 

84.40 

0.001 

P3  =  0.41* 

days 

0.26 

2.01 

1.06 

days^ 

-  0 . 003 

-0.58 

0.57 

23 

constant  tern 

55.53* 

72.88 

0.0001 

P3  —  0 . 48* 

days 

0.20 

1.53 

0.1404 

days^ 

-0.004 

-0.89 

0.3816 

31 

constant  term 

38.66* 

101.97 

0.0001 

P3  =  0.40* 

days 

-  0 . 14* 

-2 . 49 

0.0188 

days^ 

0.005 

3.29 

0.0027 

*  significant  at  a  =  0.05 
**  statistics  for  Ho:  coefficient  =  0 
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Figure  G-2  (Continued).  Daily  values  of  stature^/resistance  during  the 

menstrual  cycle  in  women  not  taking  oral  contraceptives 
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Figure  G-2  (Continued). 


Daily  values  of  stature^/resistance  during  the 
menstrual  cycle  in  women  not  taking  oral  contraceptives 
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APPENDIX  H 

COMPARISON  OF  ECHOSCAN  1502  AND  LANGE  SKINFOLD  CALIPER  MEASUREMENTS 


TABLE  H-I.  Comparison  of  EchoScan  1502  Ultrasound 
and  Lange  Caliper  Measurements  in  Men. 


Variable 

DF 

Parameter 

Estimate 

Standard 

Error 

t  for  Ho^: 

RMSE 

(mm) 

Triceps 

Intercept  (mm) 

1 

-2.62 

1.42 

-1.85 

Triceps  U^ 

1 

2.41 

0.25 

5.62* 

3.55 

Biceps 

Intercept  (mm) 

1 

0.06 

0.47 

0 . 14 

Biceps  U 

1 

1.33 

0.13 

2.60* 

1.60 

Subscapular 

Intercept  (mm) 

1 

3.84 

1.82 

2.12* 

3 

Subscapular  U 

1 

1.47 

0.32 

1.47 

4.84 

Midaxillary 

Intercept  (mm) 

1 

-1.32 

1.10 

.  -1.21 

a 

Midaxillary  U 

1 

2.07 

0.20 

5.34* 

3.26 

Paraumbilical 

Intercept  (mm) 

1 

0.75 

2.68 

0.28 

a 

Paraumbilical  U 

1 

2.55 

0.40 

3.86* 

8.13 

Anterior  Thigh 

Intercept  (mm) 

1 

-1.93 

1.18 

-1.63 

.  a 

Anterior  Thigh  U 

1 

2.42 

0.20 

7.18* 

3.26 

Lateral  Calf 

Intercept  (mm) 

1 

0.49 

0.87 

0.56 

Lateral  Calf  U^ 

1 

1.93 

0.21 

4.48* 

2.50 

*  0.01  <  P  <  0.05 
**  P  <  0.01 


a:  Ultrasound 

b:  t-test  for  Ho:  intercept  =  0,  and  Ho:  slope  =  1. 
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TABLE  H-2.  Comparison  of  EchoScan  1502  Ultrasound  and  Lange 
Slcinfold  Caliper  Measurements  in  Women. 


Variable 

DF 

Parameter 

Estimate 

Standard 

Error 

t  for  Ho^: 

RMSE*^ 

(mm) 

Triceps 

Intercept  (mm) 

1 

5.87 

1.88 

3.13** 

4.74 

Triceps  U^ 

1 

1.73 

0.24 

3.01* 

Biceps 

Intercept  (mm) 

1 

-0.61 

1.08 

-0.56 

3.27 

Biceps  U^ 

1 

1.89 

0.23 

3.90* 

Subscapular 

Intercept  (mm) 

1 

0.69 

2.33 

0.30 

6.02 

Subscapular  U^ 

1 

2.03 

0.35 

2.95* 

Midaxil lary 

Intercept  (mm) 

1 

-0 . 38 

1.85 

-0.21 

4 . 40 

Midaxillary  U^ 

1 

1.90 

0.29 

3.04* 

Paraumbilical 

Intercept  (mm) 

1 

10.26 

3.22 

3 . 19** 

9  13 

Paraumbilical  U^ 

1 

1.72 

0.42 

1.69* 

Anterior  Thigh 

Intercept  (mm) 

1 

.4.72 

3.11 

1.52 

5.84 

Anterior  Thigh  U^ 

1 

2.23 

0.33 

3.80* 

Lateral  Calf 

Intercept  (mm) 

1 

5.53 

1.72 

3 . 21** 

Lateral  Calf  U^ 

1 

1.67 

0.29 

2.29* 

3.87 

**  P  <  0.01 


a;  Ultrasound 

b:  t- test  for  Ho:  intercept  =  0,  and  Ho:  slope  =  1. 

c:  FMSE  =  Root  mean  square  error. 
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TABLE  H-3.  Contingency  Table  Between  Skinfold  and  Ultrasonic 


Measurements  at  the 

Triceps  Site 

in  Men. 

First 

Ultrasonic 

Second 

Quartiles 

Third 

Fourth 

Total 

Caliper  Quartiles 

First 

11 

7 

1 

0 

19 

Second 

3 

9 

7 

1 

20 

Third 

3 

3 

10 

3 

19 

Fourth 

1 

2 

2 

16 

21 

Totals 

18 

21 

20 

20 

79 

TABLE  H-4. 

Contingency  Table  Between  Skinfold  and  Ultrasonic 
Measurements  at  the  Subscapular  Site  in  Men. 

Ultrasonic  Quartiles 

First 

Second 

Third 

Fourth 

Total 

Caliper  Quartiles 

First 

9 

1 

8 

1 

19 

Second 

4 

10 

5 

1 

20 

Third 

4 

6 

4 

6 

20 

Fourth 

2 

3 

3 

12 

20 

Totals 

19 

20 

20 

20 

79 
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TABLE  H-5.  Contingency  Table  Between  Skinfold  and  Ultrasonic 


Measurements  at  the 

Biceps  Site 

in  Men . 

Ultrasonic 

Quartiles 

First 

Second 

Third 

Fourth 

Total 

Caliper  Quartiles 

First 

8 

4 

5 

2 

19 

Second 

7 

8 

5 

0 

20 

Third 

4 

4 

7 

5 

20 

Fourth 

0 

4 

3 

13 

20 

Totals 

19 

20 

20 

20 

79 

TABLE  H-6 .  Contingency  Table  Between  Skinfold  and  Ultrasonic 
Measurements  at  the  Midaxil lary  Site  in  Men. 

Ultrasonic  Quartiles 

First 

Second 

Third 

Fourth 

Total 

Caliper  Quartiles 

First  7 

6 

2 

0 

15 

Second  9 

7 

5 

2 

23 

Third  2 

8 

8 

3 

21 

Fourth  0 

0 

5 

15 

20 

Totals  18 

21 

20 

20 

79 
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TABLE  H-7.  Contingency  Table  Between  Skinfold  and  Ultrasonic 
Measurements  at  the  Paraumbilical  Site  in  Men. 


First 

Ultrasonic 

Second 

Quartiles 

Third 

Fourth 

Total 

Caliper  Quartiles 

First 

9 

5 

4 

1 

19 

Second 

6 

8 

4 

1 

19 

Third 

2 

7 

8 

4 

21 

Fourth 

2 

0 

4 

14 

20 

Totals 

19 

20 

20 

20 

79 

TABLE  H-8. 

Contingency  Table  Between  Skinfold  and  Ultrasonic 
Measurements  at  the  Anterior  Thigh  Site  in  Men. 

Ultrasonic  Quartiles 

First 

Second 

Third 

Fourth 

Total 

Caliper  Quartiles 

First 

10 

6 

3 

0 

19 

Second 

6 

10 

2 

1 

19 

Third 

2 

4 

9 

6 

21 

Fourth 

0 

1 

6 

13 

20 

Totals 

18 

21 

20 

20 

79 
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TABLE  H-9.  Contingency  Table  Between  Skinfold  and  Ultrasonic 
Measurements  at  the  Lateral  Calf  Site  in  Men. 


First 

Ultrasonic 

Second 

Quartiles 

Third 

Fourth 

Total 

Caliper  Quartiles 

First 

9 

4 

3 

1 

17 

Second 

6 

9 

6 

1 

22 

Third 

4 

4 

7 

5 

20 

Fourth 

0 

3 

4 

13 

20 

Totals 

19 

20 

20 

20 

79 

TABLE  H-10. 

Contingency 

Measurements 

Table  Between  Skinfold  and  Ultrasonic 
at  the  Triceps  Site  in  Women. 

Ultrasonic 

First  Second 

Quartiles 

Third 

Fourth 

Total 

Caliper  Quartiles 

First 

7 

5 

3 

0 

15 

Second 

5 

5 

3 

3 

16 

Third 

2 

4 

6 

4 

16 

Fourth 

0 

3 

4 

8 

15 

Totals 

14 

17 

16 

15 

62 

TABLE  H-11.  Contingency  Table  Between  Skinfold  and  Ultrasonic 
Measurements  at  the  Subscapular  Site  in  Women. 


First 

Ultrasonic 

Second 

Quartiles 

Third 

Fourth 

Total 

Caliper  Quartiles 

First 

5 

5 

4 

0 

14 

Second 

4 

6 

2 

5 

17 

Third 

4 

3 

7 

2 

16 

Fourth 

2 

1 

4 

8 

15 

Totals 

15 

15 

17 

15 

62 

TABLE  H- 12 . 

Contingency  Table  Between  Skinfold  and  Ultrasonic 
Measurements  at  the  Biceps  Site  in  Women. 

Ultrasonic 

Quartiles 

First 

Second 

Third 

Fourth 

Total 

Caliper  Quartiles 

First 

8 

5 

0 

0 

13 

Second 

5 

5 

7 

1 

18 

Third 

1 

4 

5 

6 

16 

Fourth 

0 

2 

4 

9 

15 

Totals 

14 

16 

16 

16 

62 

TABLE  H-13.  Contingency  Table  Between  Skinfold  and  Ultrasonic 
Measurements  at  the  Midaxil lary  Site  in  Women. 


First 

Ultrasonic 

Second 

Quartiles 

Third 

Fourth 

Total 

Caliper  Quart iles 

First 

6 

3 

3 

3 

15 

Second 

6 

3 

6 

1 

16 

Third 

2 

6 

4 

3 

15 

Fourth 

1 

3 

3 

9 

16 

Totals 

15 

15 

16 

16 

62 

TABLE  H-14. 

Contingency  Table  Between  Skinfold  and  Ultrasonic 
Measurements  at  the  Paraumbilical  Site  in  Women. 

Ultrasonic  Quartiles 

First 

Second 

Third 

Fourth 

Total 

Caliper  Quartiles 

First 

5 

5 

4 

1 

15 

Second 

5 

4 

2 

4 

15 

Third 

3 

2 

6 

6 

17 

Fourth 

2 

5 

4 

4 

15 

Totals 

15 

16 

16 

15 

62 

TABLE  H-15.  Contingency  Table  Between  Skinfold  and  Ultrasonic 
Measurements  at  the  Anterior  Thigh  Site  in  Women. 


First 

Ultrasonic 

Second 

Quartiles 

Third 

Fourth 

Total 

Caliper  Quartiles 

First 

7 

8 

0 

0 

15 

Second 

2 

5 

8 

1 

16 

Third 

5 

1 

5 

5 

16 

Fourth 

0 

3 

3 

9 

15 

Totals 

14 

17 

16 

15 

62 

TABLE  H-16. 

Contingency  Table  Between  Skinfold  and  Ultrasonic 
Measurements  at  the  Lateral  Calf  Site  in  Women. 

Ultrasonic 

Quartiles 

First 

Second 

Third 

Fourth 

Total 

Caliper  Quartiles 

First 

6 

5 

4 

0 

15 

Second 

3 

4 

4 

5 

16 

Third 

6 

3 

4 

3 

16 

Fourth 

0 

3 

5 

7 

15 

Totals 

15 

15 

17 

15 

62 

